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ABSTRACT 
 
Renewable energy dissemination in developing countries is, by a wide range of international 
promoters, regarded as a potential enabler for several socioeconomic benefits that will 
contribute to achieving the UN Millennium Developmental Goals. Taking a sociotechnical 
approach to studying the arrival of a specific solar technology - the Solar Home System 
(SHS) - in rural Nicaragua, the thesis aims to question and destabilise these self-evident 
assumptions. Based on four months worth of fieldwork in Nicaragua, the thesis studies the 
outcomes and the factors that influence these related to the introduction of solar power to off-
grid, rural households. It is found that the SHS plays a modest role in generating predefined 
socioeconomic activities. Rather, outcomes are socially conditioned; increased use of TV, 
radio and cell phone and illumination of social spaces, while consumption outcomes relate to 
SHS users mixing renewable and “dirty” energy sources. This challenges both the linear 
approach to technology implementation, as well as the linear energy transition hypothesis. 
Factors that influence these outcomes are identified in three sociotechnical processes a) the 
discrepancy between the ‘projected’ and the ‘real’, b) consumption and perception 
interdependencies, and c) the SHS’s link to social and emotional processes of felling 
connected to the outside world, hope for a “modern” future with electricity, and 
psychological empowerment, bringing a point of discussion of the linear approach to 
development through “modernisation”. Based on these findings, the paper demonstrates that 
in order to encourage socioeconomic development we need to understand and recognise the 
sociotechnical complexities of introducing renewable energy technologies to developing 
societies.   
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INTRODUCTION 
Chapter 1 – Introduction 
Today - in the 21st Century - billions of people do not have access to electricity, while the 
global world is facing challenges of climate change (IEA/UNIDO/UNDP, 2010). In this 
context, sustainable, green energies are promoted by national and international actors, as 
prominent solutions to fighting energy poverty in an environmentally friendly way. Therefore 
a consistent strong growth in renewable energy investment has been seen the past years 
(Johnson, 2012; UNDP, 2011). Especially in developing countries where a shift has been 
seen from a “(…) two-thirds-one-third split between developed and developing economies to 
one that was much closer to 50:50.” (Bloomberg New Energy Finance, 2013:20).  
 
The justification for increased investment in renewable energy in developing countries is 
grounded in the rationale that “modern” energy sources can contribute to achieving the UN 
Millennium Developmental Goals (MDGs) (see appendix 1 for an overview of how modern 
energy access are linked to MDGs). The common argument is that provision of “modern” 
energy services is a potential enabler for several socioeconomic activities and services by e.g. 
stimulating local productive activities (in terms of time saving, increased output, and 
diversification of economic activity), providing time for education, empowering women, 
increased health, and mitigation of environmental impacts (Dolezal, Majano, Ochs, & 
Palencia, 2013; Flavin & Aeck, 2005; Gazzoni, Azurdia, Blanco, Estrada, & De Carvalho, 
2010; Greenpeace, 2001; IDB, 2012; IEA/UNIDO/UNDP, 2010; IFAD, 2010; Johnson, 
2012; The World Bank, 2010; UNDP, 2011; UNEP, 2011). In other words: “The 
international community has long been aware of the close relationship between development 
and access to modern energy services (IEA/UNIDO/UNDP, 2010:3). The motivation for this 
thesis is to question and destabilise the self-evident assumptions, which underline efforts to 
promote renewable energy in developing countries, and to conduct an analysis that opens a 
discussion of the possible outcomes of such efforts. 
 
Like the rest of Central America, Nicaragua participates in the global transition to renewable 
energy, with the country investing heavily in renewable energy sources (Dolezal et al., 2013; 
GRUN, 2012). With help from the international community, as well as public and mixed 
investment plans, more than 25 renewable energy projects have been developed in Nicaragua 
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over the past nine years, including hydroelectric, geothermic, biomass and solar energy 
projects (Consorcio Multiconsult, 2011; Dolezal et al., 2013: 57; GRUN, 2012:137; MEM, 
2011; MEM, 2013; Priebe, 2013; PRONicaragua, 2013). Although various experts argue that 
targets in the country lack clarity (Consorcio Multiconsult, 2011; Dolezal et al., 2013; 
Johnson, 2012), the projects aim to contribute to Nicaragua’s ambitious energy goal of 91 % 
renewable energy generation by 2027. This is presented by Nicaragua’s Ministry of Energy 
and Mines in their ‘Indicative Expansion Plan for Power Generation, 2013-2027’1 (MEM, 
2013:15). Together with Costa Rica, this is an ambitious goal considering that only 35 % of 
the electricity generated in 2011 to the Nicaraguan electricity grid came from renewable 
sources (Dolezal et al., 2013; GRUN, 2012:137).  
 
The efforts to reduce the country’s dependency on oil imports seem reasonable, considering 
that Nicaragua spends the highest percentage of their GDP on oil imports every year, 
compared to the rest of Central America (Dolezal et al., 2013: 21). In 2011 nearly 67 % of 
Nicaragua’s power came from the burning of primarily diesel and bunker fuel (ibid). 
Although Nicaragua is the second poorest country, in terms of wealth, in Central America, 
they have the highest energy prices even with government subsidies for 80 % of Nicaraguan 
household electricity bills (Priebe, 2013). Despite the vast amount of petroleum imports from 
Venezuela2, electrification coverage in Nicaragua is still the lowest in Central America; 28 % 
of the population live without electricity (Dolezal et al., 2013:43; Johnson, 2012: 15). This 
affects especially the rural population, which constitutes 42 % of the total population (The 
World Bank, 2014), where close to 60 % have no access to electricity (Dolezal et al., 2013). 
Therefore, traditional biomass accounts for more than a third of Nicaragua’s energy 
consumption, e.g. 67 % of the Nicaraguan households rely on fuelwood for cooking (ibid).   
 
Off-grid energy solutions such as photovoltaic (PV) solar technologies are seen as suitable in 
providing access for these marginalised sectors of society, whose demand is too small to 
justify a costly extension of the electricity grid  (Dolezal et al., 2013; Flavin & Aeck, 2005; 
Gazzoni et al., 2010; IEA/UNIDO/UNDP, 2010; Johnson, 2012; MEM, 2011; The World 
Bank, 2010; UNEP, 2011). It is commonly agreed that off-grid solutions “(…) matches real 
                                                
1 This target is the newest available. Although not stated explicitly in the report, it has been slightly 
2 Which initially helped the Sandinista government overcome the energy crisis in 2006, with power 
rationing and up to 12 hours blackouts a day (GRUN, 2012, Priebe, 2013). 
  
 8 
local demand in a more flexible way” (Bloomberg New Energy Finance, 2013; The World 
Bank, 2003:2). According to The UNDP an estimated 3 million households in rural areas 
worldwide obtain power from small solar PV systems (UNDP, 2011: 69). Similarly, with the 
highest kWh/M/day solar potential in Central America (Johnson, 2012:32) small Solar Home 
Systems (SHSs) (25-100W) have been widely adopted in many low-income Nicaraguan 
households, to supply power for lighting and electrical appliances (Consorcio Multiconsult, 
2011; Dolezal et al., 2013).  
 
In the international, renewable energy debate different renewable energy technologies, 
including the SHS, are promoted on general terms, conveying the impression that all 
renewable energies can contribute to sustainable development. In other words, only very 
few studies describe in some detail how SHSs are actually used by households (Dolezal et 
al., 2013; Jacobson, 2007; Nieuwenhout et al., 2001). Studies specifically concerned with 
off-grid solar technologies identify problems related to implementation concerning lack of 
knowledge, maintenance, and finance, as well as technical and organisational problems  
(Brüderle & iidevelopment, 2011; Kumar, Mohanty, Palit, & Chaurey, 2009; Lysen, 2013; 
Nieuwenhout et al., 2001; Rebane & Barham, 2011). The majority of these studies are 
situated in Africa.  
 
In contrast, this thesis is based on 4 months fieldwork in a Latin American context, i.e. 
Nicaragua, and is situated in the intersection between Science, Technology and Society 
studies (STS), ethnography, and development studies. By taking a sociotechnical approach 
to studying an emerging technology in a developing context, I analyse how the co-
construction between human and non-human actors in the SHS network leads to certain 
outcomes. To do so, I focus on three interactional processes of analysis: the link between 
‘projected’ and the ‘real’ SHS user, the link between SHS users’ energy consumption and 
their perceptions of the SHS, and the link between the SHS and the social practices. I 
identify the outcomes as being influenced by these interactional processes, and discuss the 
findings in relation to the developmental benefits, brought forward in the renewable energy 
debate. I find this sociotechnical approach particularly relevant, as very little work on solar 
systems in relation to its social dependencies, has been published  (Nieuwenhout et al., 
2001; Strauss, Rupp, & Love, 2013). I approach this study with the belief that energy never 
just “is” – existing independently of its surroundings. Rather “it flows through socionatural 
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systems via the nodes and switches in the social circuitry of power and meaning-making” 
(Strauss et al., 2013:12).  
 
The objective of these investigations is not to evaluate how developmental benefits could 
be achieved through alternative strategies of implementation or technological 
improvements. Rather, I aim to engage in a broader discussion and hopefully contribute 
with a nuanced perspective on promoting renewable energy in developing societies. Based 
on these reflections the objective of this thesis is to answer the following research 
questions.  
 
1.1 Research Questions 
 
What are the outcomes related to the introduction of the renewable technology – the PV 
Solar Home System – to villagers in rural Nicaragua, and what are the factors influencing 
these outcomes?  
 
1.1.1 Clarification of Core Concepts 
With the concept ‘outcomes’ I mean the social consequences, and partly the emotional 
consequences, as well as the outcomes related to the consumption and perception of the solar 
energy. The concept ‘influencing factors’ refers to certain sociotechnical aspects, i.e. the 
discrepancy between the ‘projected’ and ‘real’ user, the interdependency between solar 
energy perceptions and consumption, and the interconnection between the SHS and social 
practices. These will be established further and explained in the analytical framework in 
chapter 5. Also, it should be clarified that sometimes ‘outcomes’ and ‘influencing factors’ 
overlap as they mutually constitute each other, as will be demonstrated in the analysis and 
conclusion.  
  
1.2 Delimitations 
Due to this thesis’ restrictions in scope and time, certain points of analysis have been left out. 
These include limiting the analysis to an in-depth study of primarily one, and not several, 
Nicaraguan villages. In addition, this thesis does not analyse and discuss the economic 
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outcomes or financial aspects of the introduction of the SHS. Instead, descriptions of the SHS 
owner’s socioeconomic situation are briefly presented throughout the analysis. In addition, as 
will be elaborated in chapter 5, I have chosen to focus on the links between the SHS and its 
users. This implies that an in-depth analysis of the links between the wide ranges of 
remaining actors such as NGOs, shareholders, SHS manufactures, retailors, politicians, 
banks, investors, distributors, the press etc. are not points of focus.  
 
1.3 Thesis Structure 
This thesis is divided into 10 chapters. In the following I will briefly explain and account for 
the thesis structure (excluding this chapter; Chapter 1 - Introduction).  
 
Chapter 2 – The Renewable Energy Debate 
The thesis takes its point of departure in the Contextualization, to situate the study in the 
broader “renewable energy in developing countries” context. Inspired by theoretical 
concepts presented in chapter 3, 4 and 5, the most pivotal developmental, socioeconomic 
benefits are outlined. These arguments are based on ten reports published by influential, 
international players, and are questioned and discussed in relation to the thesis’ findings. 
 
Chapter 3 – The Co-construction of Society and Technology 
Chapter 3 is the first of two of the Theoretical Framework. In order to pursue the above 
research question, I find it necessary to begin by explaining the main theoretical 
background for the framing of this study, i.e. the Science, Technology, and Society 
tradition. This tradition is also applied as a theoretical tool to conduct the analysis.  
 
Chapter 4 – Human Development and Electricity 
In this chapter, I present the second half of the Theoretical Framework. This includes 
theories on developmental thinking and “modernity”, as well as the energy transition 
model. Similar to Chapter 3, these theories form the basis for conducting the analysis and 
are used to discuss the thesis’ findings.  
 
Chapter 5 – Strategy of Analysis 
In chapter 5, which is the first of two in the Methodology, I account for how I can analyse 
the SHS outcomes and the factors related to these. The strategy of analysis is based on the 
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theoretical perspectives outlined in chapter 3 and 4, in combination with the ‘blackboxed’ 
rationalities identified in the renewable energy debate presented in Chapter 2. 
 
Chapter 6 – The Field 
In the second chapter of the Methodology, I explain how knowledge presented in the 
thesis, about SHS outcomes and the influencing factors, has been produced. In other 
words, the specific methods chosen for data production, i.e. participatory observation and 
interviews are discussed and accounted for.   
 
Chapter 7 – Analysis 1: Projected and Real Users 
In the first part of the analysis, Drawing on Akrich’s STS framework, I explore the link 
between the ‘projected’ and the ‘real’ SHS user, i.e. how actors are defined by the SHS, 
compared to the ‘real’ user. This chapter questions the linear rationality of technology 
implementation, and highlights how a potential discrepancy between the projected and the 
real user might influence the SHS outcomes. 
 
Chapter 8 – Analysis 2: Usage and Perception 
The second link studied in the analysis, concerns how SHS users’ perceptions of solar energy 
shape how they use it, and how this usage simultaneously shape the users’ perceptions. This 
chapter challenges the linear hypothesis of the ‘energy ladder’, and demonstrates how 
perception and consumption factors influence the outcomes of the SHS introduction, while in 
the same time can be characterised as outcomes.  
 
Chapter 9 – Analysis 3: SHS and Social Significance 
In this chapter, I study the interaction between the SHS and the social practices related to 
electricity. Studying this link, answers the question of the outcomes related to the 
introduction of the SHS. This chapter is inspired by the linear rationale that “modern” energy 
sources help traditional societies progressing through a linear process of modernisation, and 
demonstrates how emotional factors of feeling connected, increased hope and control are 
both characterised as outcomes and influencing factors.    
 
Chapter 10 – Conclusion 
In this chapter I conclude on the SHS outcomes and the factors that influence these, based on 
the findings of the three analyses.  
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CONTEXTUALISATION 
In the following, the broader renewable energy debate constituted by various international 
actors is outlined. It is within this debate that the thesis takes its point of departure, and to 
which it aims to bring a nuanced perspective. Therefore, the most prevailing arguments in the 
debate are identified and outlined.  
 
Chapter 2 – The Renewable Energy Debate 
Many arguments and actors constitute the general debate on disseminating renewable energy 
technologies in rural communities in developing countries. In order to create a picture of this 
immense debate, I will draw on the arguments brought forward by influential, international 
players; the UNDP (United Nations Development Program), the UNEP (United Nations 
Environment Program), the Woldwatch Institute, the World Bank, the Inter-American 
Development Bank, Greenpeace, the ICSU (International Council for Science), GENI 
(Global Energy Network Institute), IEA (International Energy Agency), UNIDO (United 
Nations Industrial Development Organization), and the REN21 (Renewable Energy Policy 
Network for the 21st Century).  
 Although I am dealing with the specific technology of the off-grid SHS I will present 
the arguments brought forward on “renewable energy” in general. This is because the 
international promoters’ discourse centres on “renewable energy” in general, with very 
limited distinguishing between the various energy technologies and resources. Amongst 
hundreds of general statements in the various reports I have chosen a few that illustrate the 
generalising discourse well: 
 
“For many remote rural areas and for a large proportion of the 1.4 billion who lack 
access to energy, renewable energy sources (…) present an increasingly viable 
option for addressing their unmet demand” (UNEP, 2011:219).  
 
 “Renewable energy technologies can also make indirect contributions to alleviating 
poverty by providing energy for cooking and space heating (…) By making light 
more affordable and reliable, renewable energy technologies also permit schools 
and businesses to operate after dark”  (Flavin & Aeck, 2005:8).  
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“Access to modern forms of energy is essential for the provision of clean water, 
sanitation, and healthcare and provides great benefits to development through the 
provision of reliable and efficient lighting, heating, cooking, mechanical power, 
transport and telecommunication services” (IEA/UNIDO/UNDP, 2010:11). 
 
As illustrated by the examples above ‘renewable’, ‘modern’ and ‘green’ energy are general 
terms used for the various technologies available. This somehow persuades the impression 
that all renewable energies can contribute to human sustainable development. A common 
feature of the reports is that very limited effort is put into distinguishing between different 
technologies such as, solar energy, wind power, geothermal power, hydropower etc. In the 
same way, solar energy is also used as an umbrella term, rarely distinguishing between the 
different solar technologies available on the market such as PV SHSs, solar ovens, solar 
water pumps, solar dryers etc.3 
 The generalisation portrays a distorted picture of the individual technologies leaving 
the public with the impression that all renewables lead to sustainable development, as long as 
they are renewables. The main benefits of renewable energies highlighted in the debate are 
presented in the following section. 
 
2.1 Developmental Benefits 
The general assumption in the renewable energy debate is that gaining access to “modern” 
forms of energy can lead to human sustainable development. This is based on five presumed, 
main outcomes; income generation, education, women empowerment, health care, and 
environmental sustainability  (Dolezal et al., 2013:35; Flavin & Aeck, 2005; Gazzoni et al., 
2010; Greenpeace, 2001; IDB, 2011; IEA/UNIDO/UNDP, 2010; The World Bank, 2003; The 
World Bank, 2010; UNDP, 2011; UNEP, 2011).  
 To start out, the increased income generation argument is brought forward by most 
actors, especially by the banks. It is a common assumption that lack of electricity is an 
obstacle to economic and social development (Dolezal et al., 2013; Gazzoni et al., 2010; IDB, 
2012; IEA/UNIDO/UNDP, 2010; The World Bank, 2010; UNDP, 2011; UNEP, 2011) 
Access to renewable energy can result in income generation, which includes time saved by 
e.g. using renewables to cook, reducing time devoted to wood gathering, increased working 
                                                
3 Only if you look into the specific studies of actual SHS projects, more detailed evaluations of a 
given technology are found, as seen in chapter 1. 
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hours at night, which gives more time for diversifying economic activities. Charging batteries 
for local people can also create increased income (ibid). Also, light supports income-
generating applications by providing evening lighting in rural stores and farm-related 
activities (Dolezal et al., 2013; Greenpeace, 2001; IEA/UNIDO/UNDP, 2010; Johnson, 2012; 
The World Bank, 2003; UNEP, 2011). It is argued that the income generation benefit helps 
eradicate extreme poverty and hunger, which is one of the Millennium Developmental Goals 
(IEA/UNIDO/UNDP, 2010; UNEP, 2011).  
 Benefits of education as a result of “modern” energies include; solar powered class-
rooms  (Dolezal et al., 2013; Flavin & Aeck, 2005; Gazzoni et al., 2010), better lighting for 
children’s education in the night time (Gazzoni et al., 2010; Greenpeace, 2001; 
IEA/UNIDO/UNDP, 2010; Johnson, 2012; The World Bank, 2010; UNEP, 2011), and basic 
facilities such as lighting, computers and audio-visual equipment that can make a big 
difference to schools that previously had no power  (Flavin & Aeck, 2005:8; Greenpeace, 
2001:7). The benefit of education is closely tied to women empowerment. As an example, 
solar-powered lamps can be helpful to schools and women’s literacy groups to promote 
education for girls (UNDP, 2011:54). Statements such as: “Renewable energy for cooking 
and heating can reduce the time that children, especially girls, spend out of school collecting 
fuel”  (Flavin & Aeck, 2005:8) are commonly encountered in the reports. The benefits of 
electrification for women include greater flexibility in organising household activities, 
enhanced security, the potential for undertaking income-producing activities such as 
handicrafts, and reduction in time required for collecting water if electrification improves 
water supply (Dolezal et al., 2013; IEA/UNIDO/UNDP, 2010; The World Bank, 2010). The 
benefits of education and women empowerment are related to the Millennium Developmental 
Goal of achieving universal, primary education and promote gender quality 
(IEA/UNIDO/UNDP, 2010; UNEP, 2011:208). 
 Improved health conditions also contribute to achieving the MDG of reducing child 
and maternal mortality and reduce diseases (ibid). The logic is that with the introduction of 
modern technologies the families will stop using kerosene to generate electricity, which 
lowers the respiratory illnesses caused by the emission of toxic gases and pollution  (Dolezal 
et al., 2013; Flavin & Aeck, 2005; Gazzoni et al., 2010; Greenpeace, 2001; IDB, 2011; 
IEA/UNIDO/UNDP, 2010; Johnson, 2012; The World Bank, 2010; UNEP, 2011). In other 
words, renewable energies in general are regarded as healthier energy than burning fossil 
fuels (ibid). Also some renewable technologies provide power for supplying fresh water and 
sewer services needed to reduce the burden of infectious disease (ibid). In addition, health 
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centres can benefit from the electricity to power refrigeration of medical supplies, lighting, 
and equipment sterilisation  (Flavin & Aeck, 2005; Greenpeace, 2001). 
 Finally the environmental argument is highlighted in all the reports, contributing to 
achieving the Millennium Developmental Goal of ensuring environmental stability 
(IEA/UNIDO/UNDP, 2010; UNEP, 2011:208). Overall, the implementation of renewable 
energies is expected to have positive environmental impacts, as they can contribute to 
bypassing the carbon-intensive practices that drove an unsustainable course of development 
in industrialised countries, and to instead pursue a low-carbon growth path (Dolezal et al., 
2013; Flavin & Aeck, 2005; Gazzoni et al., 2010; Greenpeace, 2001; IDB, 2011; The World 
Bank, 2003:6; UNEP, 2011). This is based on the assumption that renewable energies will 
replace or reduce traditional biomasses such as kerosene, firewood, candle lights and diesel 
generators (Dolezal et al., 2013; IEA/UNIDO/UNDP, 2010; UNEP, 2011). 
 Another feature in the reports is that renewable energy solutions are often referred to 
as a comparatively simple way to reduce a family’s dependency on costly fossil fuels, while 
helping to slow global warming. As presented by Greenpeace: “Solar home systems combine 
a PV panel with a battery and controller to provide power for home appliances and lights” 
(Greenpeace, 2001:19). This is an example of a very simplified description of a renewable 
energy solution. In addition, many studies document successful stories of thousands of low-
income, mostly rural, households that have already adopted renewable energies, conveying 
the idea that modern energies are easily adaptable and functional (Dolezal et al., 2013; 
Johnson, 2012; UNDP, 2011). It is commonly agreed that simple off-grid electricity 
production should get priority focus over grid expansion. This is because centralised grid 
connection will never reach people who live in remote areas, arguing that grid expansion is 
often unreasonable and not cost-effective  (Dolezal et al., 2013; Flavin & Aeck, 2005; 
Gazzoni et al., 2010; IEA/UNIDO/UNDP, 2010; Johnson, 2012; The World Bank, 2010; 
UNDP, 2011; UNEP, 2011). As a result, off-grid energy solutions are seen as viable in 
providing access for the most marginalised sectors of society, whose demand is too small to 
justify the fixed cost of extending the grid (ibid). In other words off-grid solutions “(…) 
matches real local demand in a more flexible way” (The World Bank, 2003:2). Lastly, 
renewable energy sources are commonly referred to as ‘reliable’: “(…) by giving these 
families access to clean and reliable energy source it will contributing to help them break the 
cycle of poverty and become more productive” (IDB, 2011), and “Access to clean energy for 
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rural communities; greater energy security and reduced dependence on imported fuels (…)” 
(Dolezal et al., 2013:39).  
 
To sum up the previous observations, I argue that three linear processes are invested in the 
renewable energy debate. This argument is substantiated by theoretical concepts presented in 
the following Theoretical Framework chapters. Drawing on Latour’s notion on black-boxed 
technologies (c.f. chapter 5), it could be argued that the debate portrays renewable 
technologies as somehow stabilised or “problem free”. Therefore, drawing on Akrich’s 
approach to technology and society (c.f. chapter 3), the first ‘linearity’ is seen in the 
technological implementation process, where technology is presented as context-independent 
being able to operate in the way determined and intended by its innovators. In other words, a 
certain world of predefined outcomes is in-scribed into the renewable technologies. 
 The second ‘linearity’ is demonstrated in the modernisation thinking in the debate. 
The predetermined benefits proposed centre on the rationale that the individual consumers 
with capital, technology, and education have the power to work themselves out of poverty. 
With the preference of off-grid, small community-based solutions a neoliberal, decentralised 
rationale is demonstrated where consumers are perceived as individual micro-entrepreneurs - 
a general feature of much development practice today, as argued by Escobar, Pieterse and 
Jacobson (c.f. chapter 4). Also, many of the benefits are based on the “time is money” logic, 
i.e. with electricity you will save time when cooking, have more time to work at night, etc. 
Consumers are, in other words, presumed to have, similar to “the West”, an inherent ranked 
preference for fuels that will save them time conveying a rather ethnocentric approach to 
development.  
 In relation to this the last ‘linearity’ is seen in the energy transition logic (c.f. chapter 
3), since the argument of environmental sustainability and health improvement presumes that 
traditional energy sources will be substituted by “modern” energy sources. It is, more or less, 
expected that households will switch to use the most sophisticated energy source affordable, 
switching ‘‘up the ladder’’ to more ideal fuels as income increases, or ‘‘down the ladder’’ as 
income decreases.     
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THEORETICAL FRAMEWORK 
This thesis’ Theoretical Framework is divided into two chapters. The first presents the overall 
discipline of Science Technology and Society (STS) studies, which serves as the thesis’ 
broad, theoretical realm understanding. Next, middle-range theories, based on research 
studies that take an STS approach to technology implementation in rural societies, are 
presented. Chapter 4 is concerned with the concepts ‘human development’ and ‘electricity’. 
The chapter starts out by presenting the linearity of conventional developmental thinking, 
followed by a presentation of post-development thinking. Next the hypothesis of energy 
transition is presented together with an alternative approach to this linear view. Lastly, I 
present middle-range theories that discuss the concepts of modernity and materiality. All 
theories included form the theoretical framework for studying the introduction of the SHS in 
rural Nicaragua. General for the theories and studies is that they are all concerned with 
technology and society, human development and/or electricity.  
 
Chapter 3 - The Co-construction of Technology and Society  
In this thesis I write within a Science, Technology, and Society (STS) studies realm of 
understanding where the technological and the social is regarded as shaping each other 
reciprocally  (Akrich, 1992; Blok & Elgaard Jensen, 2009; Jensen, Lauritsen, & Olesen, 
2007; Latour, 1987; Latour, 1996b; Law & Mol, 2001; Pinch & Bijker, 1984; Russell & 
Williams, 2002; Ulsrud, Winther, Palit, Rohracher, & Sandgren, 2011). 
 To work within the field of STS means to work from the understanding that 
technology and society is co-constructed, and that they together constitute the society in 
which we live. As such, in order to understand how a society works we cannot subscribe to 
either technological determinism or social constructivism. Technology is not regarded as 
autonomous developing independently from society and social relations. Neither can society 
be explained only through the social construction between human beings (Lauritsen, 2007). 
Instead we have to include the actual object in itself  (Blok & Elgaard Jensen, 2009: 166). 
Thus, rather than submitting to either of the two STS argues for a softening of the boarders 
between ‘the technological’ and ‘the social’, and emphasises that ‘the social’ to a large extent 
also shapes ‘the technological’ (Lauritsen, 2007).  
 Agreeing with this approach to studying society and technology, I do not believe that 
technologies have the power to impact on the societies in which they are integrated. Instead I 
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work from the understanding that “(…) technology and people are brought into being in a 
process of reciprocal definition in which objects are defined by subjects and subjects are 
defined by objects” (Akrich, 1992:222). In other words, in order to explore the role the solar 
cell system plays within a large network of objects and subject, we have to constantly move 
between the social and the technological (Akrich, 1992: 207; Latour, 1992).  
 
3.1 Networks of Human and Non-human Actors 
Within STS it is argued that technological objects participate in building heterogonous 
networks that bring together both human and non-human actors (Akrich, 1992). This means 
that both technical objects and humans are assigned agency in building the heterogeneous 
networks we call society (Jensen et al., 2007). Based on this understanding, I argue that a 
new agent -that of the SHS- has entered the stage. In other words, with the introduction of a 
new form of technology a new form of individual agency also arises. And it is the nature and 
the interaction with this new agent, which form the basis for the study of this thesis. To 
elaborate on the idea on agency, I will now turn to the French sociologist, Bruno Latour, the 
Farther of the ‘sociology of associations’ theory4. 
 According to Latour, sociology is science about living together (Blok & Elgaard 
Jensen, 2009: 188). However, unlike traditional sociology Latour suggests that the social is 
represented and created by heterogeneous collectives, which consist of both human and non-
human actors. He uses the semiotic notion ‘actants’ to express what constitutes these 
networks. The term actants is used to avoid the focus on “actors” or “structures” – the human 
individual vs. society’s collective order. With the association-sociology, it is the relationship 
between society and nature, between human and non-human actants that constitutes the 
sociological theoretical core (Blok & Elgaard Jensen, 2009: 187). In addition, the term 
‘actants’ also indicates that humans have no more agency than objects. They are equal 
participants in building a society whose form and skills depend completely of the context. As 
such, the answer to explaining social orders cannot be localised in the intersubjectivity 
between actors. Instead it is a question of ‘interobjectivity’ (Latour, 1996a). The social is a 
constant movement and performance; a special way in which previously disconnected 
elements are associated and thereby become social (ibid).  
                                                
4 ’Sociology of associations’ has later become known as the Actor-Network-Theory (ANT), which 
partly underpins the methodological approach of this thesis (c.f. chapter 5). 
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  Thus, all actants in Latour’s network operate on equal terms and have no precedence 
of the other. Latour describes this as generalised symmetry, i.e. the human and non-human 
should be integrated into the same conceptual framework and assigned equal amounts of 
agency (Jensen et al., 2007). However, Latour still suggests that non-human actants are, by 
rule of thumb more stable and reliable than humans. This could be exemplified by bumps in 
the road to reduce speed. Rather than having a human actant, directing people to reduce their 
speed in the cars, the non-human actant of bumps, are much better in facilitating this 
behaviour (Blok & Elgaard Jensen, 2009: 174; Latour, 1992). However, we are still held 
together in a collective, existing of non-human and human actors.  
   
3.2 The ‘Projected’ and the ‘Real’ User 
To describe the interaction of technics and humans I will now present the notion of the 
‘projected’ and the ‘real user’, developed by the French STS Sociologist Madeleine Akrich, 
who operates from the Actor-Network Theory in her article “The De-Scription of Technical 
Objects”.  
 Akrich suggests that there are several cases of technology transfer to developing 
countries where objects and their supposed function, or the relationship between supply and 
demand, are poorly matched (Akrich, 1992: 207). She challenges the widespread linear, 
technologically deterministic model of technological innovation, which suggests that 
technical change happens in a linear fashion from invention to innovation to diffusion (see 
figure 1 below). In this linear model a technological artefact is assumed to go through a 
number of developmental steps, to reach its “full potential” and correct usage. And it is 
assumed that the success or failure of an artefact is an explanation of its subsequent design 
and development  (Pinch & Bijker, 1984).  
 
Figure 1: The Linear Model of the Innovation Process 
 
 
 
 
 
Source: Pinch & Bijker, 1984:405  
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Challenging this model, Akrich provides a much richer picture on the way innovation works, 
and argues that when a designer ignores the wide range of uses to which the object may be 
put, it comes close to technological determinism. She introduces two concepts relevant to this 
thesis; the world ‘in-scribed’ in the object and the world ‘de-scribed’ by its users. 
 When a designer produces a technology he or she assumes a certain user in this 
process, i.e. he/she makes hypotheses about the entities that make up the world into which the 
object is to be introduced. The designers “(…) define actors, the space in which they move, 
and ways in which they interact” (Akrich, 1992: 216) and they assume that morality, 
technology, and economy will evolve in particular ways. This is what Akrich refers to as the 
process of ‘inscribing’ a vision about societies and its habitants into the technical content of 
the object, as an attempt to predetermine the settings that users are asked to imagine for a 
particular piece of technology (ibid: 208). This constitutes the extent to which the 
arrangement of a technical object constrains actants, in the way they relate both to the object 
and others. However, the world or the user in-scribed in the object cannot be rendered real 
until the technical object is confronted with its users: 
 
“(…) we cannot be satisfied methodologically with the designer’s or user’s point 
of view alone. Instead we have to go back and forth continually between the 
designer and the user, between the designer’s projected user and the real user, 
between the world inscribed in the object and the world described by its 
displacement.” (Akrich, 1992: 209).  
 
To explain this dynamic, the notion of ‘de-scription’ refers to the user’s reaction to the 
technology. Different from the linear model of innovation, Akrich argues that it is within the 
constant dynamic between the world in-scribed in the object and the world de-scribed by its 
users that we obtain access to the user’s reaction (which gives body to the designer’s project), 
and the way in which the user’s real environment is specified by the introduction of a new 
piece of technology (ibid). Akrich states that when users invent new practices and 
applications of new devices they become in a way also designers, because they discover new 
ways to use the device, i.e. they change the indented script of the technology. In this way they 
help themselves to achieve their goals, or program of actions as Akrich puts it.  
 I regard Akrich’s notion of the in-scription and de-scription of technological objects 
as relevant to studying the outcome of the SHS. This theory substantiates my fundamental 
methodological approach; not to be satisfied with one side of the case, the renewable energy 
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debate. I use Akrich’s holistic approach to investigate an emerging technology in a 
developing society by studying the dynamic link between the ‘projected’ and the ‘real’ SHS 
user.  
 
3.3 Technological Fluidity    
In continuation of Akrich’s approach to technology transfer, I will now turn to the concept of 
‘fluidity’ as developed by the Dutch ethnographers Annemarie Mol and Marianne de Laet. 
Based on their research study of the Zimbabwe Bush Pump they describe the mechanics of 
what defines a fluid technology.  
 The Zimbabwe Bush Pump is a water pump based on lever action, used to extract 
water from a borehole well. Mol and de Laet analyse the pump’s role as an appropriate 
technology in Zimbabwean rural communities. An appropriate technology, travelling to 
intractable places is defined as:  
 
“(…) an object that isn’t too rigorously bounded, that doesn’t impose itself but 
tries to serve, that is adaptable, flexible, and responsive – in short a fluid object – 
may well proof to be stronger than one that is firm” (de Laet & Mol, 2000: 225). 
 
The fluidity of the Bush Pump is seen when it comes to a) how it is used b) what function it 
has, and c) how it was invented  (de Laet & Mol, 2000). To start out, the boundaries of the 
Bush Pump are fluid; it is not just a provider of water, but also a provider of clean water, i.e. 
it is defined by a set of health indicator (ibid). The Bush Pump is also a community builder. 
Because it is manually operated and not mechanically powered the community needs to bore 
holes, be in charge of maintenance and the everyday operation (ibid: 223). Therefore village 
participation, joint ownership, and collective responsibility are argued to be important 
influencers of the success or failure of the final installation (ibid: 234). It is stated, that the 
maintenance program is more important than the actual Bush Pump itself. The pump depends 
on maintenance, and maintenance requires the community. However, a working pump also 
constitutes the community demonstrating the dynamic relationship between human and non-
human actors (ibid: 245).  
 The Bush Pump does not only build the community, it also builds the nation. The 
pump is locally produced, and the national standards of the Zimbabwe Bush Pump gains 
strength with each new installation. Spare parts are easy to come by as they are locally 
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produced, and clean water infrastructure may help decrease the social divide (ibid: 235). De 
Laet and Mol describe it this way: 
 
“The Pump is a mechanical object, it is a hydraulic system, but it is also a device 
installed by the community, a health promoter and a nation-building apparatus. It 
has each of these identities – and each comes with its own different boundaries 
(...)”  (de Laet & Mol, 2000:252). 
 
To elaborate, the function and objectives of the pump are fluid, i.e. the success criteria are 
fluid as opposed to binary. In other words, it is the identity of the users that determines 
whether a pump works or not (ibid).  
 Lastly, the pump was not invented by one human actor, but through a slow process of 
fluid actorship. The inventor is not central to the Bush Pump as he puts a lot of effort into not 
taking single ownership – believing that it is precisely that, which makes it work (ibid: 251). 
The strength is that it is developed by the government and thereby is a public domain  (de 
Laet & Mol, 2000). As such, the implementation process of the Bush Pump is not 
characterised by taking command but by trying to let go. Peripheral agents are needed to 
decide were the hole should be drilled (instead of people situated in the capital), i.e. action 
should be distributed in the design, the implementation, and the monitoring of the pump: 
“Implementation depends on involving those who will use the pump. It requires room for 
their methods and insights. Without this, any pump is bound to fail” (ibid: 251). Losing 
control also characterises the monitoring of the pumps; instead of trying to keep the pumps 
intact as they were delivered the inventor tries to learn from the way the pumps have evolved 
on-site, from the ways in which the users have repaired and adapted their devices. In this 
way, the pump can also be said to be fluid in how it reacts to decay. Even if seemingly 
essential parts of it mechanics are broken it can serve functions not intended by any of its 
creators.  
 I find de Laet and Mol’s study relevant to this thesis as ‘fluidity’ is presented as a 
condition for reaching technological stabilisation. De Laet and Mol suggests that the 
advantage of ‘fluidity’ should be considered in other cases, especially in cases of 
technologies transferred to, or designed for, so-called intractable places (de Laet & Mol, 
2000). With this said, it should be mentioned that in de Laet and Mol’s analysis no attention 
is granted to factors such as local power-relations, inequalities, or family ties in a community, 
which inevitably play part in the democratisation and implementation of the Bush Pump. As 
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such, the extraordinary positive evaluation of the Bush Pump might be questionable. 
However, I still accept the concept of ‘fluidity’, and render it relevant and valuable to my 
analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 24 
Chapter 4 – Human Development and Electricity  
In the previous section the STS basis was established. In this chapter the theories presented 
are concerned with the concepts human development and electricity transition, offering 
both linear and holistic approaches to these processes.  
 
4.1 Modernisation and Post-Development 
Up through history “the good society” and “development” have had changing meanings. 
According to the Dutch professor Jan Nederveen Pieterse this is because: “The paradigms 
that are available in the intellectual market shape the explanatory frameworks that inform 
development thinking” (Pieterse, 2001: 18). In other words, one can see these changing 
meanings of ‘development’ both in the light of changing intellectual trends in society, but 
also from a discursive approach to the ‘development’ directed by political currents and 
beliefs (Escobar, 1995; Pieterse, 2001:3). An outline of the different meanings of 
development is presented in the figure below.  
 
Figure 2: Meaning of Development over Time 
 
 
 
 
 
 
 
 
 
  
 
Pieterse treats ‘development’ as a fluid concept that changes meaning depending on which 
meaning is attributed to it. And meaning is influenced by current trends (Pieterse, 2001). I 
find this approach to development relevant, as this thesis concerns a ‘trendy’ topic so to 
speak; that of a sustainable, green energy, which according to Pieterse is characterised as a 
trend within the development theories.  
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 The Columbian-American anthropologist Arturo Escobar and Pieterse agree that 
while developmental strategies have been different throughout time the goal has been the 
same, influenced by the theories of modernization, i.e. “catching up with the advances 
industrialized countries" (Escobar, 1992:27; Pieterse, 2001:5). Slightly more radical than 
Pieterse, Escobar criticises developmental efforts:  
 
“Only through material advancement could social, cultural and political progress 
be achieved. This view determined the belief that capital investment was the most 
important ingredient in economic growth and development. The advance of poor 
countries was thus seen from the outset as depending on ample supplies of capital 
to provide for infrastructure, industrialization, and overall modernization of 
society” (Escobar, 1995:86). 
 
In other words, in the developmental discourse capital formation is seen as a condition for 
development. The various factors associated with capital formation are technology, 
population and resources, monetary and fiscal policies, industrialisation, education and 
agricultural development, commerce and trade (Escobar, 1995:86). In both Pieterse’s and 
Escobar’s optic development continues to be primarily a top-down, ethnocentric, and 
technocratic approach, which: “(…) treats people and cultures as abstract concepts, 
statistical figures to be moved up and down in the chart of ‘progress’” (Escobar, 1995). 
Instead of seeing change as a cultural process rooted in the interpretation of each society’s 
history and cultural tradition, developmental strategies make societies fit a pre-existing model 
that embodies the structures and functions of modernity. Escobar rejects the entire paradigm 
of development, and suggests that rather than searching for development alternatives we 
should speak about “alternatives to development” (Escobar, 1992). We should focus on local 
autonomy, culture, and knowledge and encourage local communities and traditions rooted in 
local identities to address their own problems (ibid). In Escobar’s objective we should: 
 
“(…) weaken or lessen the dominance of the growth model, the hi-tech model, the 
conventional economic neo-liberal model and the dominance of one particular 
cultural framework which is the cultural framework of modernity, and to allow 
for many different world-views and frameworks” (Hopkins, 2012).  
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Lessening the Third World’s dependence on the episteme of modernity will best happen 
through local social movements’ search for alternative reservoirs of modernity, i.e. 
alternative ways of organising societies and economies and of satisfying needs (Escobar, 
1992):47-48).  
 In addition, Escobar argues that another characteristic of developmental thinking is 
the discourse of decentralised development. He suggests that the discourse of communism 
has influenced the promotion of choices that emphasises the role of the individual in the 
society. Especially those approaches which have relied on private initiative and private 
property (Escobar, 1995:86). This view is supported by the professor Arne Jacobson who, in 
relation to his solar energy study in Kenya, describes off-grid, small-scale, renewable energy 
solutions as an example of a decentralised development initiative (Jacobson, 2007). Different 
from the traditional grid-based electrification, which has historically been implemented 
through centralised programs under the control of national governments (ibid: 145), PV 
systems are regarded as an alternative to large infrastructures with the vision of increased 
local self-reliance (ibid). In Jacobson’s research study: “Connective Power: Solar 
Electrification and Social Change in Kenya” it is stated that in the energy sector, donor 
financing for state-owned electricity infrastructure has been reduced, while efforts to support 
liberalisation reforms and private sector participation have been expanded (ibid).  
 To sum up, I use the idea of modernisation thinking as well as post-development 
thinking to discuss the findings of this thesis in relation to the socioeconomic, developmental 
benefits highlighted in the renewable energy debate. 
 
4.2 World Development 
Challenging the conventional modernisation perspective on development, Pieterse searches 
for a paradigm shift in relation to the way we think ‘development’. Similar to Latour’s 
breaking down of dichotomies between social constructivism vs. technological determinism, 
human vs. nonhumans, macro-actors vs. micro-actors, Pieterse seek to break the dichotomies 
between global vs. local development. This is rather different from Escobar’s proposal to re-
thinking development, where dichotomies of local/global, modern/traditional, although 
reversed, are still maintained. Different from Escobar, Pieterse suggests that we should turn 
our attention to ‘the whole’, i.e. a holistic approach to development, where room is made for 
both local truths and global connections (Pieterse, 2001). In his words, we must rethink 
development as a “(…) process that is not reserved to ‘developing countries’ but that all 
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societies are developing, as part of a global process” (ibid: 35). Next, we need to 
acknowledge ‘development’ where the process in itself is the goal. It is suggested that we no 
longer should view development as ‘improvement’, but as collective learning process 
(Pieterse, 2001). As a result, in this new paradigm we must first and foremost think the world 
as a whole (ibid).  
 With Pietese’s World Development view corresponding well with the STS approach 
of this thesis, I approach the emerging technology of the SHS as a part of a bigger network, a 
bigger world. And as seen in the renewable energy debate, the SHS is a technology that is not 
only meant to affect the life of the individual users, but the world and its environment as a 
whole. By thinking renewable energy in developing countries as World Development it 
becomes interesting to see how an emerging technology in Nicaragua might shine a different 
light on “development”.   
 
4.3 Energy Transition  
The linear way of thinking development as a modernisation process is closely related to the 
linear way of thinking energy transformation. A fundamental hypothesis in relation to 
introducing new types of energies to traditional households is the ‘Energy Ladder 
Hypothesis’ illustrated below. 
 
Figure 3: The Energy Ladder 
 Source: Lawi & Khennas, 2014 
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The energy ladder model portrays three stages of energy use. In the first stage the household 
depends solely on traditional biomass deriving energy from firewood and animal waste. In 
the second stage households shift towards more efficient energy sources such as kerosene, 
coal, and charcoal, and finally in the third stage households switch to LPG, natural gas, or 
electricity  (Schlag & Zuzarte, 2008:2-3). The essential argument of this model is that one 
energy source will be completely substituted by another. Household consumers are presumed 
to have an inherent ranked preference for different fuels based on physical characteristics 
including cleanliness, ease of use, cooking speed and efficiency with biofuels at the bottom 
and electricity at the top  (Hiemstra-van der Horst & Hovorka, 2008a). The main driver for 
movement ‘up’ the energy ladder is increased income (Hiemstra-van der Horst & Hovorka, 
2008a; Schlag & Zuzarte, 2008). Hence, it is expected that people behave as neoclassical 
consumers and use the most sophisticated energy source affordable, or in other words: ‘‘(…) 
as a country progresses through the industrialization process, its reliance on petroleum and 
electricity increases and the importance of biomass decreases’’ (Hosier & Dowd, 1987:347). 
  Based on fieldwork in traditional households in Botswana Greg Hiemstra-van der 
Horst and Hovorka take a critical stance to the energy ladder. In their article “Reassessing the 
‘‘energy ladder’’: Household energy use in Maun, Botswana” they examine why households 
might prefer to make choices other than those predicted by the model (Hiemstra-van der 
Horst & Hovorka, 2008b). The study concludes that the scenario of a simple energy transition 
may not be realistic. This has led to the accommodation of multiple rather than single fuel 
transition stages where shifts both ‘‘up’’ and ‘‘down’’ the ladder due to changing household 
fortunes and fuel access, is identified (ibid). Similar to Hiemstra-van der Horst et al., based 
on a four years study (1992-1996) of energy patterns in rural Mexico, Omar R. Masera et al. 
suggest an alternate model to the linear progression that the energy ladder depicts (Masera et 
al. 2000: 2084). This model is referred to as ‘fuel stacking’. With focus on cooking fuels 
Masera et al. demonstrate how rural households do not ‘switch’ fuels, but more generally 
follow a multiple fuel strategy (Masera et al. 2000: 2085). With the fuel stacking strategy 
new fuel sources are added, but traditional fuels are not abandoned or entirely replaced 
(Masera et al. 2000: 2085). Instead households tend to use multiple fuels alongside each other 
combining traditional and modern fuel sources, integrating modern energy sources slowly 
into the energy consumption pattern (Masera et al. 2000).  
 Both the energy ladder hypothesis and the conventional hypothesis of development 
through modernization, reflect a pre-established pattern for progress. In both cases economic 
growth is seen as the progressive route to modernisation, which in the developmental context 
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is related to industrialisation, and in the energy transition context is related to switching to 
modern energy sources. In studying the introduction of “modern” energy in Nicaragua, I will 
draw on the views on energy transition in relation to analysing the solar energy consumption 
patterns and perceptions.   
 
4.4 Materiality and Modernity 
The concept modernity plays a key role both when theorising development and energy 
transition. Therefore, I will now present an alternative view on modernity in relation to 
materiality, which challenges Escobar’s post-development outlook. Many post-development 
critiques suggest that with Escobar’s celebration of local knowledge and local resistance 
there is a risk of romanticising and essentialising “tradition” by equalising the ‘local‘ with 
authenticity and emancipation ignoring that the local is also embedded in global power 
relations (Loper, 2011).  
 With this in mind, taking a sociotechnical approach to her research field, Tanja 
Winther describes electricity in her article: “Space, Time, and Sociomaterial Relationships: 
Moral Aspects of the Arrival of Electricity in Rural Zanzibar” as the ‘yearning for 
modernity’. She writes that electric gadgets such as ironing boxes and wielding machines 
become ‘objects of desire’ as they are signs of a modern way of living. In other words, 
electricity, television, and other media technologies comprise the idea of “moving forward”, 
where people from Zanzibar “(…) regard electricity as a condition for development” 
(Winther, 2013:166). Winther observes that electricity has transformed the place to become 
more modern and those who cannot afford an electricity installation risk “(…) being judged 
as backwards” (ibid). Different from Escobar’s (may I say) romanticised view on the “local” 
and “traditional”, Winther argues that people in rural Zanzibar associate electricity with 
“modernity” and desire to live “modern” lives with the associated ‘objects of desire’.  
 In accordance with this notion the American Anthropologist James Ferguson argues 
that the post-development claim that the developmental narrative (the modernisation 
narrative) has lost credibility is only true in some parts of the world. In his chapter 
“Decomposing Modernity” he states that for developing countries the claim that development 
is over sounds strange to many people, who seems to take both “development” and its 
promises very seriously indeed (Ferguson, 2006:182). He states that: 
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“Anthropologists today are eager to say how modern Africa is. Many ordinary 
Africans might scratch their heads at such a claim. As they examine the decaying 
infrastructure, non-functioning institutions, and horrific poverty that surround 
them, they may be, more likely to find their situation deplorably non-modern, and 
to say (as Zambian mineworkers used to sigh to me, ruefully shaking their 
heads): “This place is not up to date!”” (Ferguson, 2006:185). 
 
Ferguson states that because developmentalism has lost its credibility, Africans decreasingly 
believe in it. In other words, the promise of modernisation appears broken. Therefore, 
modernity for contemporary Africans is no longer an anticipated future, but “(…) a dream to 
be remembered from the past” (ibid: 186). Similar to Winther’s argument Ferguson proposes 
that people in Africa might desire “Western” modernity in its conventional sense, while 
Western anthropologists, such as e.g. Escobar, prefer to talk about “alternative modernity”. In 
other words, the African hope of an economy of desired goods that are known, that may 
sometimes be seen, and that one wants to enjoy, is replaced with the conviction that one will 
never have material access to this (Ferguson, 2006).  
 In relation to material access and hope the anthropologist Mathijs Pelkmans present a 
slightly different view to Ferguson. He argues that materiality might exactly function as a 
sign of hope for a better future. In his article: “The Social Life of Empty Buildings: Imagining 
the Transition in Post-Soviet Ajaria”, he demonstrates how agency can be understood to 
emanate from buildings. In Batumi, Pelkmans notices that the empty buildings of a 
completed and furnished kindergarten is seen as a sign of progress among large parts of the 
local population, even though the buildings were abandoned and not in use (Pelkmans, 2003). 
According to Pelkmans the emptiness of the kindergarten and the buildings in general can be 
seen as a precondition of keeping the dream of a better future alive: “Keeping the 
kindergarten almost empty thus not only managed to keep the future bright and accessible to 
everyone, but also, it tied this future closely to the present” (Pelkmans, 2003:130). To 
elaborate, as long as the buildings were empty they belonged to the sphere of the future, a 
future, which was potentially open to everyone.  
 A final perspective on why developing populations might assign value to materiality 
is presented by Arne Jacobson, previously introduced, as well as Thomas Love and Anna 
Garwood in their study: “Wind, sun and water: Complexities of alternative energy 
development in rural northern Peru”. In both studies, the desire for material objects is 
explained as a wish to run “connective” applications such as television, radio, and cellular 
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telephone charging (Jacobson, 2007; Love & Garwood, 2013). Drawing on 5 years worth of 
research on how social life connect with solar PV systems in Kenya, Arne Jacobson 
concludes that PV solar energy is closely linked to activities that help rural Kenyans increase 
their interconnections with people and urban centers. In his words: 
 
“Solar energy plays a modest role in supporting economically productive and 
education-related activities (…) Solar electrification is more closely tied to 
increased television use, (…) and other processes that increase rural-urban 
connectivity” (Jacobson, 2007: 144). 
 
This finding is supported by Love and Garwood who, in their study of solar, wind and 
hydropower in rural Peru, conclude that electricity is valued primarily for its ability to power 
TV/DVD and cell phones because these have the ability of “connecting households to the 
wider world”  (Love & Garwood, 2013:294). Although the evidence for linkages between 
rural TV use and solar sales is very strong, this connection is under-acknowledged in 
literature (Jacobson, 2007).  
 Pelkmans’, Winther’s, Ferguson’s, Love & Garwood’s, and Jacobson’s studies are 
either situated in Africa or concern different technologies or materiality. However, I find their 
perspectives relevant to this thesis, as they all (with exception form Pelkmans who take a 
socio-material approach) take a sociotechnical approach to addressing topics of modernity 
and materiality in a developing context. They are useful in studying how the social and 
technical-material interconnect, and create a solid basis for discussing the social 
consequences of introducing “modern” electricity to “traditional” Nicaragua.   
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METHODOLOGY 
The first part of this thesis’s Methodology, Chapter 5, concerns how I can analyse the 
‘outcomes’ and the ‘factors influencing these’ in introducing SHSs in rural Nicaragua. This 
includes a presentation of how I have chosen to operationalise the STS and ANT outlook, in 
order to set up an analytical agenda. In addition, I elaborate on how I use the theoretical and 
analytical concepts to conduct the analysis. Chapter 6 presents the methods chosen to conduct 
the fieldwork, i.e. how I have produced knowledge about outcomes and the factors that 
influence these outcomes. Additionally, a brief introduction to the field is presented.  
 
Chapter 5 – Strategy of Analysis  
The agenda to challenge the self-evidence, with which the current renewable energy debate in 
developing countries is rationalised, is inspired by the STS concept ‘blackboxing’, developed 
by Bruno Latour. A black box contains things that are no longer necessary to consider such as 
habits, trains of thought, and objects. It is those things whose effects we take for granted 
(Akrich 1992:11). An example of a black-box technology is the Danish electrical 
infrastructure, which consists of long chains of science and technology that are wrapped up 
together tightly and compact and works perfectly. In other words, the technology is made 
invisible by its own success (Latour, 1987). No one questions the black box and thereby 
macro actors, who take up strategic and central positions in the network, can grow even 
stronger (Blok & Elgaard Jensen, 2009: 181). And the bigger a heterogeneous network is the 
stronger and more powerful the actor becomes, and thereby the more ‘stabilised’ the 
technology (Olesen & Kroustrup, 2007).   
 New technologies lead to new arrangements of things and people and when 
naturalised and stabilised they generate new forms of knowledge about the world (Akrich, 
1992). According to Trevor Pinch and Wiebe Bijker, closure of an artefact involves “(…) the 
stabilization of an artifact and the ‘disappearance' of problems (…) The key point is whether 
the relevant social groups see the problem as being solved” (Pinch & Bijker, 1984: 226-27). 
Here, the term ‘relevant social groups’ refer to the technology users. According to this 
definition, stabilisation depends on the perception of the technological user. If the users do 
not render the technological object useful, the design of the technological object has no 
purpose (Akrich, 1992). 
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 This thesis is inspired by the concept of blackboxing in the sense that I pursue to 
problematise and destabilise the specific truths, taken for granted about the developmental 
outcomes of introducing renewable energies to developing countries. Choosing blackboxing 
as an analytical perspective I have been selectively focusing on the processes of taken-for-
granted chains of reasoning about the benefits of renewable energy in developing countries. 
As seen in chapter 2, three blackboxed rationales have been identified in the renewable 
energy debate. These three processes will thematically guide the structure of the analysis and 
are challenged throughout the analysis. In addition, I use the concept to approach the current 
technology as a “non-stabilized technology” (Akrich, 1992: 2011; Pinch & Bijker, 1984).  
 
5.1 Strategy for Analysing ‘Outcomes’ and ‘Influencing Factors’   
Rooted in STS studies Bruno Latour, Michael Callon and John Law have developed a 
theory/method to conduct in-depth sociological research called the Actor-Network Theory 
(ANT) (Blok & Elgaard Jensen, 2009: 186)). Here the task of the researcher is to study the 
relation that upholds/binds the network, and the actants that constitute and are constituted by 
the network. As a consequence, the sociologist is confronted with a variety of dynamic 
relations in studying the gradual extension of chains and connections (Olesen & Kroustrup, 
2007: 63).  
 To explain what is meant by connections, the ‘gunman example’ as described by 
Latour in Pandora’s Hope, is useful. A man and a gun form a new entity when they are 
connected in a third entity: the gunman. To elaborate, the man cannot shoot someone all by 
himself without a gun, same way that the gun cannot shoot someone by itself. Rather, the 
connection that brings the man and the gun together, and thus creates a gunman, is what 
should be studied to explain what causes the outcome of e.g. war. It is neither the man nor the 
gun that create the entity of war, but rather the connection between the two entities, i.e. the 
gunman (Dankert, 2011; Jensen et al., 2007). Rather than studying the SHS and its users as 
separate entities, I study the connection between them - I take a constructivist approach, not 
to be confused with social constructionism. Therefore, this study is not grounded in 
modernist thinking believing that truth is something that is out there to be discovered. Neither 
is it grounded in postmodernist thinking believing that every individual can create his/her 
own truth. Rather, I operate from the philosophy that truth does exist, but that it can change 
over time. In other words, the essences can change depending on the existence of actants 
(both humans and non-humans) as these co-construct the essences that I, as a researcher, am 
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faced with (Dankert, 2011). In my own words, this study is grounded in a sociotechnical, 
constructivist approach.  
 The next crucial question then is: Where can these connections be observed? In places 
where the formations of the networks are under construction, or in the state of becoming  
(Akrich, 1992; Blok & Elgaard Jensen, 2009; Latour, 2008). In other words, in places where 
the social order is still negotiated, in situations with rapid transformations of e.g. 
globalisations, social mobility or technological transfer. As such, Latour’s ANT is always 
concerned with new connections with the collective being in constant movement  (Blok & 
Elgaard Jensen, 2009: 161-62).  
 I regard ANT as relevant to this study since the SHS is a new actor in a collective that 
brings with it a number of new entities and connections. Latour argues that in order to study 
the links in the network, one must “follow the actors” in the network (ibid: 187). Firstly, to 
follow the actors implies to study how the actors themselves construct and sort out their social 
worlds. As stated by Latour: “They  [the informants/actors] know everything. They’re doing 
our sociology for us, and doing it better than we can; it’s not worth the trouble to do more” 
(Latour, 1996b: 10). “To follow the actors” also means that the researcher should follow the 
many links (to other times, spaces and other actants groups), which creates and frames a 
certain interaction and a certain actor. An example of this is the interactions between a 
teacher and his/her students in a classroom. These are shaped by the architect’s drawings 
from 40 years ago, the management’s coordination of the school timetable, the wood and the 
exceedingly old trees that make up the teacher’s desk, grammatical rules applied in the 
language use etc. etc. If the researcher starts to follow these links, he/she ends up by drawing 
a wide branching actor-network  (Blok & Elgaard Jensen, 2009: 166-67).  
 
Inspired by Latour’s ANT, I use ANT both as my theoretical backdrop and my 
methodological strategy to investigate the factors that influence the outcomes of the 
introduction of SHSs. I take an exploratory approach to my fieldwork through which 
connections can be traced. However, I do not use ANT as a tool to effectively describing the 
processes by which the technological system (the SHS) comes into being, or fail to 
materialise. I draw on ANT as a tool to describe the processes by which the technological 
system and the SHS users’ interconnections lead to certain outcomes and to study the factors 
that influence these outcomes (as opposed to aiming to understand the creation of a 
technology).   
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 Also, I do not aim to study all the links involved in the SHS network. Due to 
restrictions in time and volume of this thesis, it would proof impossible to draw a complete 
SHS actor-network and follow the immense amounts of links. As a result, the strategy for 
analysing the outcomes of the SHS is inspired by the ANT but not followed rigidly. Instead, 
in this thesis the actant - the SHS - has been chosen as the starting point as the SHS is the 
central question. Starting from this chosen actant, I aim to unravel the links between the SHS 
and the actants connected to it. Based on the realisation that ANT is somehow boundaryless 
and holistic, this research focuses on the physically proximate, current links to the SHS 
considerably before and after its introduction, i.e. the SHS users, the SHS technicians, SHS 
micro-banks, and SHS vendors. I believe that these links are the most relevant in 
understanding the SHS outcomes and factors influencing these as these links are under-
acknowledged in current literature (Akrich, 1992; Jacobson, 2007; Pieterse, 2001). Studying 
these links will thereby bring a nuanced perspective to the renewable energy debate. 
 
5.1.1 Analytical Framework 
The actor ‘the SHS’ is a part of the actor-network ‘SHS and SHS user’, which is the link of 
primary focus in this study. This is because, it is the real users perception and use of the solar 
energy that forms the basis upon which social, emotional, consumption, and perception 
outcomes can be identified. Operationalising ANT for studying this link, I define three 
analytical dimensions with which I will approach the analysis. These dimensions are 
presented in figure 3 including how these relate to the blackbox rationales as identified in the 
general renewable energy debate in chapter 2. 
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Figure 4: Analytical Framework 
 
Part of Analysis 
 
 
Research Question 
 
Analytical 
Dimension 
 
‘Blackbox’ 
Rationale 
 
One 
 
Who is the 
Nicaraguan energy 
Consumer? 
 
 
The link between the 
‘projected’ and the 
‘real’ SHS user 
 
 
Technological 
implementation is 
linear 
 
 
 
Two 
 
How does the 
Nicaraguan villager 
use and perceive the 
SHS? 
 
 
The link between 
SHS perceptions and 
solar energy 
consumption patterns  
 
Energy transition is 
linear  
 
 
Three 
 
How does the SHS 
interact with the 
social lives of rural 
Nicaraguans? 
 
 
 
The link between the 
SHS and social 
practices. 
 
Human development 
is linear 
(modernisation)  
 
   
Studying the ‘outcomes’ and the ‘factors influencing these’ via the method of closely tracing 
practices of the SHS and its users, involves acknowledging the different elements that enter 
into the complex and active processes, and by which people give meaning to the world, their 
activities, and their lives (Nimmo, 2011). These different elements include objects and 
environments, materials and techniques, categories and symbolic systems, which are 
intertwined within practices so that distinctions between subjective and objective or social 
and natural dimensions disappear  (Olesen & Kroustrup, 2007:79).  
 To start out, the first dimension concerns the ‘link between the ‘projected’ and the 
‘real’ user’. Some of the elements studied to analyse this link involves, the technical devices 
of the SHS, i.e. the battery, the invertor, the regulator, the SHS manuals and posters, 
environmental conditions, SHS technicians, the SHS users, and the way they go about 
repairing and maintaining the SHS. Studying the world in-scribed in technologies and the 
world de-scribed by its users will broaden the understanding of how the SHS and its 
supposed function are matched with the specific users in rural Nicaragua. This dimension is 
inspired by the blackbox rationale of thinking technology implementation as a linear process.  
  
 37 
 The second dimension of the analytical framework constitutes the second part of the 
analysis and concerns the ‘link between the SHS perceptions and solar energy consumption 
patterns’. This is based on the belief that the perceptions we have of energy shape how we 
use it in the same way that our uses of energy simultaneously shape our perceptions of it 
(Strauss et al., 2013). Here, some of the objects related to this dimension involves the SHS, 
other energy sources used, e.g. firewood, generators, batteries etc., including the ‘energy 
categories’ that they might belong to. Also, the elements that might influence the SHS 
perception, such as the quality of the system relative to the grid connection, are relevant here.  
I believe that studying this link will give me an increased understanding of both the 
consumption outcomes, but also the factors that influence these. This dimension is inspired 
by the linear energy transition rationale that with the availability of renewable energy sources 
people will naturally substitute “traditional” with “modern” fuels.    
 Lastly, the third dimension refers to ‘the link between the SHS and social practices’. 
To analyse this, activities of studying at night, conducting business at night, charging cell 
phones, listening to radio etc. are considered. Elements that might be a part of this such as 
television, cell phones, radios and the intra-household dynamics, in relation to the allocation 
of energy, are included. Also, SHS users and other human actors, which might take part in 
social practices, are considered. Studying the social practices related to the SHS, will give me 
an indication of the social outcomes related to electricity use. As a result, this dimension is 
inspired by the blackbox rationale, in the general debate, that suggests modernisation as 
means to human development.  
  In constructing the analytical approach, I have sought to balance the agency between 
the SHS and the SHS user. It might seem that the technology is awarded more agency in 
certain parts of the analysis, while in other parts attention is given more to human actors. 
However, together they ought to present a balanced study between the human and the non-
human actors of the SHS-network.  
  Substantiating the analytical strategy, complimentary theories are applied throughout 
the analysis. As briefly mentioned, Akrich’s notion of the ‘projected’ and ‘real’ user and de 
Laet and Mol’s concept of ‘fluidity’ are primarily used to conduct analysis 1. For the second 
part of the analysis, the hypothesis of energy transition is challenged, drawing on the concept 
of ‘energy stacking’ as presented by Masera et al. and Hiemstra Van-der Horst et al. This is 
combined with the concept of ‘fluidity’ and Pieterse’s holistic approach to development. In 
the third part of the analysis, the social outcomes are analysed through Winther’s, Jacobson’s 
and Love and Garwood’s sociotechnical approach to electricity in rural sites. Here, the 
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concept of ‘connectivity’ and ‘objects of desire’ are used to analyse the social practices 
identified in the empirical data. Ferguson’s and Escobar’s perspectives on modernity and 
development are used to discuss the findings related to modernity. In continuation of this 
Pelkman’s theory is applied to analyse how hope is identified as an outcome. Part three of the 
analysis is slightly different, as Zimmerman’s notion of ‘Psychological Empowerment’ is 
applied. Due to its scientific methods approach, this theory does not form part of the 
Theoretical Framework. However, the fieldwork of this thesis opened up to other 
observations, which could not be captured by the Theoretical Framework.  
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Chapter 6 – The Fieldwork 
Having presented the analytical strategy, I will in this chapter account for how I have 
produced knowledge about the research objective at hand. As stated by Latour, you cannot 
perform critical sociology from a distance. You can only become critical in the proximity to 
the object  (Blok & Elgaard Jensen, 2009). Within this optic I have collected and produced a 
variety of empirical data, which forms the basis for analysing the outcomes and influencing 
factors related to the introduction of solar energy. I outline the empirical data collected and 
discuss how this has been produced.  
 
6.1 Empirical Data Collection 
The data collection for this thesis took place from November 2013 to April 2014 (see 
appendix 2 for an overview of the total amount of data collected). In this period I lived in 
Nicaragua both to conduct my fieldwork, but also to obtain maximum proximity to the field 
throughout parts of the writing process. As such, this thesis has a strong focus on its 
ethnographic work, which corresponds well with the ANT’s emphasis upon practices – 
people’s everyday actions, activities and behaviours (Nimmo, 2011).  
 In order to produce knowledge about the SHS outcomes and the factors influencing 
these, I relied primarily on triangulating the methods of observation, participatory 
observation and interviews. As such, the dataset that provides the ground for this thesis’ 
analysis is characterised as primary data. Based on the fact, that only limited socio-
technological, ethnographic research has been conducted on the topic at hand (Jacobson, 
2007; Ulsrud et al., 2011), I regard the overall research objective of this project to be 
exploratory (Sarantakos, 1988). As a result, the aim of this fieldwork was never to present a 
solution to energy poverty in Nicaragua, but rather to explore and generate nuanced 
knowledge about the actual outcomes of solar energy and the factors that influence these.  
 The empirical data was primarily conducted taking an inductive approach to the field, 
where the data has guided me to particular theoretical issues. However, this thesis did start 
off with an explorative, theoretical research process, which inevitably has influenced the 
design of my fieldwork and, of course, the particular kinds of data conducted. As a result, the 
field has been approached partly inductively, partly deductively. 
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6.1.1 Observations of SHS Families 
The majority of the fieldwork was conducted by using methods of participatory observation 
and observations of a total of 12 different SHS families and homes in Nicaragua. All research 
conducted took place in northwestern Nicaragua. This is also where the key off-grid village 
‘Venecia’ is located, which is the village on which the analysis is primarily based. Venecia is 
a fishing village with about 400 habitants, located on the pacific coast, on the edge of the 
biggest estuary in Central America, close to the Honduran boarder. It is located close to the 
big volcano Cosegüina, which makes the soil in the village very fertile. Therefore, growing 
peanuts, sesame, and corn, including shrimp farming and fishing, growing and selling cattle, 
chicken eggs, and milk from the cows, are the primary means to generate income in Venecia. 
Up until 2010 boat transportation was the only way to access the village. Now, a bus leaves 
two times a day to go to the closest grid-connected village, Mechapa, which takes about half 
an hour. To get to the second biggest city in Nicaragua, Chinandega, you take a 4-hour bus 
ride. It is in Chinandega, that the about 20 SHS families in Venecia have bought their SHS. 
(fieldnotes: 11.11.13; 20.3.14; appendix Tecnosol; appendix; Ceprodel).. 
 The selection processes of my field and informants depended on two criteria; access 
and remoteness of families. Having previously worked and lived with families in rural 
Nicaragua from January to March 2012, I came to Nicaragua with a good idea about what 
characterises a “typical”, rural, Nicaraguan family. I was looking for Nicaraguan families, 
who 1. lived remotely, off-the-grid and 2. Had a SHS in their home. Also the selection 
process naturally depended on access to this type of informants. As a result, I used snowball 
sampling as a method. After my arrival in Nicaragua, I started to follow the network I had 
from my previous trips to the country. I chose to start out my journey in northwestern 
Nicaragua, as most people in this area live very secluded. Asking people I met on my way for 
SHS villages, one day lead me to catch a ride to Venecia. Through this one visit I was soon 
invited to come back and stay with the family Amaya, which resulted in the foundation for 
my analysis. In the same way, I gained access to the village Mata de Cacao, as I went to 
Ecami (SHS vendor) and asked if I could join them for a SHS installation in the area. In other 
words, I used non-probability sampling where different subjects lead me to other subjects, 
participant observation lead to follow-up conversations and follow-up observations lead to 
encounters with other SHS families.  
 I realise that the choice of method has certain implications for the data produced. The 
ethnographic path that I followed throughout my fieldwork, took me to a very poor and 
  
 41 
remote village, where the majority of the SHSs did not function, and where the informant 
possessed very limited technical knowledge about the SHS. In other words, the data produced 
reflects rather “unsuccessful” cases of the SHS families, which influences the findings of this 
research study. Had the ethnographic path lead me to families where e.g. the systems were 
installed professionally, and workshops were given to villagers, the findings of the research 
might have looked different.  
 As such, drawing primarily on one village, it could be argued that this thesis builds on 
a case study of a random village in Nicaragua, and thereby presents a thesis of limited 
representation. However, based on my previous knowledge and experiences in Nicaraguan I 
would characterise Venecia as very “typical” Nicaraguan families. Therefore, I believe that 
the findings from this “case study” illustrate mechanisms that also exist elsewhere in 
Nicaragua. Is it argued that: “(…) generalization is perfectly possible, because your data 
instantiate a case, and such a case belongs to a larger category of cases. The unique and 
situated events you have witnessed can and do indeed reveal a lot about the very big things in 
society” (Blommaert, 2006:15). With this said, I realise that the data produced for this thesis 
is a series of conditions that can never be repeated as my ethnographic path took me to 
informants who live in uniquely situated contexts. 
 Finally a methodological point of reflection, in relation to the ethnographic character 
of this thesis, is that if I had not stayed with the families in Venecia, I would have left the 
field thinking that the SHSs were fully functioning, as this was how my informants would 
describe them to me. This would have given me a misleading impression of the outcomes 
related to the SHS. However choosing ethnography as a method, getting involved with the 
families I studied allowed me to observe that many of the SHS in Venecia neither provided 
light, nor electricity to charge cell phones even though my informants would state otherwise. 
On the other hand side, I found that a limitation of my methodology was that people would 
sometimes provide answers that they thought appropriate or pleasing to the Western, white 
researcher living in their house. Overcoming this barrier and building trust with people takes 
time, in order to facilitate full and honest discourse. In addition, language barriers have 
inevitable influenced the data, as sometimes I as a researcher would miss out on articulated 
meanings, tones of voices and slang expression while paying more attention to others. This 
has inevitably biased the dataset.    
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6.1.2 Interviews 
I conducted interviews with the SHS-network actors who were more difficult to approach 
with an observational method. These actors include employees of Tecnosol and Ecami (SHS 
vendors) and the micro-bank Ceprodel. In addition, I conducted an interview with a 
Nicaraguan villager from Assaredores, which is a rural grid-connected community in 
Nicaragua5. The purpose of these interviews was to study additional links to the SHS as these 
also influence the outcomes of the introduction of the SHS. In addition, these interviews 
increased my knowledge on the Nicaraguan electrical infrastructure, the scope of the 
Nicaraguan solar energy distribution and the socioeconomic situation as seen from the 
perspective of the people, who have access to grid-electricity.   
 All interviews were semi-structured. For the employees of Ecami and Tecnosol I 
asked questions such as; who commonly buys SHSs, how many are installed, what are the 
main motive for people to buy SHS including technical questions of how the SHS works in 
practice. For the general manager of Ceprodel, I asked questions of what type of families 
normally receive micro-loans for SHSs, why the bank wants to focus on projects of 
renewable energy, and the rationale for lending money to rural Nicaraguans for them to 
invest in SHSs. For the grid-connected villager, the questions centred around his life with 
grid-electricity, technical and economic question of the grid connection, including questions 
about the benefits of living electricity (see appendices 3, 4, and 5 for interview guides). 
 
6.1.3 Other Observations 
In addition to observations of SHS families and interviews with SHS-actors, I attended three 
church services (in Venecia and Asseredores), an installation of a SHS with Ecami, and a 
SHS sales situation in Ecami. Nicaragua is highly religious country and church service is an 
important element in many Nicaraguans’ lives. In addition, most churches have electricity. I 
found it interesting to gather information about the church electricity practices in the 
communities, to see how electricity is used and understood in this context. Participating in 
the installation of a new SHS with Ecami in the (very) remote household in Mata de Cacao 
                                                
5 It should be noted that during my stay in Nicaragua, I lived most of the time in the grid-connected 
village, Asseredores. As a result, this single interview has been conducted with the purpose to 
formalise the life, as seen from the “grid-connected” Nicaraguan’s perspective. Therefore this 
interview should not be regarded as the only data available on grid-connected communities. 
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was relevant for studying the link between the, soon to become, SHS family and the 
technician from Ecami, who installed the system. Here, a lot of technical questions were 
clarified, while questions posed by the new SHS owners, demonstrated the understanding that 
they had of the SHS and the energy it provides. Likewise, the sales situation of a SHS in 
Ecami to an off-grid villager was very valuable in understanding what expectations the buyer 
and the seller have of the technology, including how the first connection is established 
between owner and technology. Finally, collectively having spent 1 year in Nicaragua, I have 
gradually learned tacit codes, and moved from the margins of the social environment to a 
more central position, with an increased understanding of unspoken routines, conventions, 
and outlooks (Blommaert, 2006). As such, this thesis’ fieldwork cannot be reduced to data 
collection. 
 
6.2 Presentation of Data 
Throughout my fieldwork, I used handwritten fieldnotes and recording to document and 
remember my observations. In addition, photos were taken, which are included in the 
analysis when appropriate. When I noted informants’ direct statements the fieldnotes were 
written in Spanish. Otherwise most fieldnotes were written in English and some in Danish. I 
brought with me a recorder to Nicaragua. However, I ended up only using it in interview 
situations. This is because I, as a stranger and visitor, felt rather awkward pulling out this 
digital device, when involved with various rural families. Looking back, for the sake of 
increased persuasion value in my analysis, it probably would have been beneficial to record 
larger parts of my fieldwork. However, this is not the case, which is why some of the quotes 
presented from my fieldnotes are non-verbatim quotes, as they originate from keywords and 
memories written down during and after informal conversations and observations. However, 
quotes from interviews and some quotes from my fieldnotes can be characterised as verbatim 
quotes. This is because all interviews were recorded with prior consent from respondents, and 
have been fully transcribed in the spoken language; Spanish and one in English. However, 
when quotes are included in the analysis, they are translated and presented in English, with 
the Spanish, original quotes available in a footnote. This is done to accommodate potential 
mistranslation, for the reader to judge if my translation conveys the appropriate meaning.  
 Finally, using participatory observation and informal conversation as methods, I 
realise that the data conducted is subjective by nature. This is because the study is an 
interpretive research in a situated, real environment based on interaction between the 
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researcher (me) and the subject(s) (Blommaert, 2006:19). In accordance with Latour’s 
description of the sociologist I do not render myself as a passive observer of the social life, 
but rather as a performative participant (Latour, 1996). However, in certain parts of the 
analysis, some longer descriptions from my fieldwork are presented, as an attempt to present 
the data from within, and to give the reader an “objective” description of the field (Eriksen, 
2001). As such, in presenting the data in my analysis, I move between the ‘emic’ level (the 
level that lies closer to the world as experienced by informants), and the ‘etic’ level where I 
make general statements about the society by linking it to theoretical concepts (ibid).  
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ANALYSIS 
Chapter 7 - Analysis 1: Projected and Real Users 
In the first chapter of the analysis, I explore the link between the ‘projected’ and the ‘real’ 
SHS user. Drawing on Madeleine Akrich’s framework of the world inscribed into objects, I 
will look at how actors are defined by the SHS and the space in which they move, and look at 
how this correspond with the ‘real’ SHS user. The potential correspondence or discrepancy 
between the projected and real user will give me an indication of the SHS outcomes as well 
as the factors that might influence these. To do so, I attribute quite a bit of attention to the 
non-human actor of the SHS, as it is within the design of this that the projected user can be 
identified. In other words, I take my point of departure in the technology, I unfold it, in order 
to question the linear rationale of technology implementation, presented in the general 
renewable energy debate. 
 
7.1 Regulating the User 
Marcalino points to the regulator and says that it is half charged. This is 
indicated by the light in the middle of the three lights. (…) A little later a beep 
comes from the regulator. With his hand, he tells me to come over and look. He 
tells me that it beeps because it tells him, that it goes from one stage to another; 
very little charged, more charged, fully charged. (Fieldnotes: 11.11.13).  
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This description illustrates how two specific devices of the SHS, the battery and the 
regulator, receive a lot of attention due to its agency (see appendix 6 for a description of the 
technicalities of the SHS). Looking at the overall ability of the SHS, the low capacity of the 
technology in itself (appendix 8) affords only constrained energy consumption, which 
according to Akrich, inscribes a certain behaviour of the user. The battery is the devise that 
causes this constrain, as it is within the battery the storage and control aspect lies. To 
elaborate, if the battery runs too low, its lifetime will be reduced. Similarly, if the battery is 
overcharged or charged too quickly, the battery is also damaged, which will reduce 
performance and shorten the life of the battery (Jacobson, 2005; appendix 8). To overcome 
this challenge, some SHSs in Venecia are installed with a regulator, which (as seen on the 
photo above) regulates the current running to, and from the battery. The job of the regulator 
is to cut off the current to the user when the charge of the battery gets too low, and to isolate 
the PV panel when it gets too high (ibid). Following Akrich, a particular mode of 
consumption is imposed: The user cannot be too greedy. The penalty for breaking the rules 
are both social and technical – the electricity is cut off (Akrich, 1992).  
SHS with a regulator connected to battery 
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 This restricted mode of consumption in-scribed in the SHS, does not quite correspond 
with the real SHS user’s energy demands. Many of my informants expressed a wish for more 
energy capacity to be able to use electrical gadgets such as flatirons, blenders, fans, colour 
televisions, fridges, water pumps etc. (fieldnotes: 11.11.13; 16.11.13; 18.3.14).6 Therefore, in 
many cases I saw exploded batteries lying around as a result of a combination of no regulator 
and ‘real’ energy demands (ibid: 12.11.13). 
 In accordance with Akrich, I agree that there is in-scribed a certain behaviour in the 
technology, i.e. you cannot be greedy. However, in Venecia the regulator is not seen as a 
restriction to energy use, but rather as a help not to ruin the battery. As described by many of 
my informants: “The regulator is like a breaker. It’s like the heart. The heart knows when it 
has to give blood to the head and when it has to take blood”7 (ibid) “It [the regulator] doesn’t 
let the current pass. This is good” (ibid: 14.11.13). Stated differently, in accordance with 
Latour who states that non-human actors by rule of thumb are more stable and reliable than 
humans, the SHS users regard the non-human actor (the regulator) as more reliable than 
themselves, in regulating the current running to and from the battery.  
 
7.2 Learning Through Experience 
Having established that the regulator is an important device to protect the battery, many SHS 
families in Venecia did not have a regulator due to economic reasons. Therefore, many SHS 
were used without the regulator (see picture below), some of which were still in use and 
others where the battery had exploded.  
 
                                                
6 The desire for electrical objects will be elaborated in Analysis 3. 
7 “La regulador es como un break. Es como la corazón. El corazón sabe cuando tiene que dar sangre 
al cabeza y cuando tiene que sacar sangre”.  
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But how do these SHS owners know how to use the system without the regulator?  
 
“I more or less calculate, what is necessary. I know through experience. (…) If 
acid leaks from the battery it is a sign that it shouldn’t charge more”8 (ibid: 
12.11.13). 
 
As stated above, the SHS users have learned how to use the SHS without a regulator through 
experience, and through a mas o menos (more or less) calculation of the battery charging. In 
addition, word of mouth and sharing experiences are common means of learning about the 
SHS: 
 
Jesus Antonio, who is sat next to me pealing corn, has a system as well. (…) I ask 
him if he has a regulator. He does. He says that when the invertor rings/beeps, it 
                                                
8 “Yo mas o menos calcula que es necesario. Yo se por experiencia. (…) Si sale acido es un señal que 
no debería cargar mas”.  
 
Example of a functioning SHS without a 
regulator, i.e. the battery is connected 
directly to the panel.  
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is because there is a bad connection to the wires. The other two men react to this 
explanation, and they start exchanging experiences about their regulators. 
Medardo asks if Elmer’s regulator doesn’t beep all the time when it is connected. 
Elmer says no. Only when it is loosing charge. Medardo says: “How weird” and 
that is the end of the conversation. (Ibid: 16.11.13).    
 
Through this conversation Medardo learned that something is wrong with his regulator. In the 
same way, through word of mouth, everyone in Venecia “knows” that if you place the battery 
next to your bed you can get cancer (ibid: 12.11.13). On the contrary, the brochures, poster 
and manuals provided by Tecnosol, the SHS distributor, are rarely turned to as a source of 
guidance. As such, in the “pre-scriptions” (the manual and brochure) provided by Tecnosol, 
the vision in-scribed into the technical context of the object is that Venecia is a society, where 
people turn to manuals for help, rather than people learning through interacting with the 
technology and through word-of-mouth. 
 However, in the ‘real’ context the vast majority of villagers in Venecia, mostly the 
adults, cannot read or write. Therefore, as illustrated in the picture below, the manuals and 
brochures, which are supposed to guide and teach people about the usage and technics of the 
system, are used as decoration on the walls, hanging side by side with the Christian hymns 
and imageries (similar to the regulator which is also often placed next to Christian artefacts).    
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 Tecnosol poster/manual placed next to the household’s Christian hymn. 
 
Regulator placed next to Christian imagery 
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Even though people in Venecia do not assign the manual any functional value, the manual 
has a symbolic value, as in most houses in Venecia it is situated in the centre/”la sala” of the 
house, next to most important inventories, i.e. the religious artefacts, which are obligatory in 
most rural Nicaraguan homes. As such it is clear, that the SHS has an important place in the 
houses of Venecia. The manual on the picture above is the manual I most frequently saw in 
the homes of Venecia. However, even though the Tecnosol manual portrays drawings along 
with the text there is a second problematic projection issue: The manual only concerns “How 
to Take Care of Your Solar System”, as the heading suggests. In other words, the guidance is 
simplified as no technical information on what to do if/when you are faced with technical 
problems is provided. To elaborate, there are no instructions of what to do, after things have 
gone wrong. Only before things go wrong.  
 
7.3 The Inflexible SHS  
Drawing on de Laet and Mol’s notion on ‘fluidity’ it is interesting to apply this concept in 
relation to the ‘projected’ and ‘real’ user. To start out, even though the SHS appears to be a 
simple technology, as described in the renewable energy debate, with a panel that produces 
electricity, a storage battery, and a lamp that consumes the electricity, the ‘real’ picture 
proofs more complicated. Often my informants would confuse the invertor with the regulator, 
e.g. people would think that when the system doesn’t charge, it is because the invertor does 
not work. They would think that if you do not move the battery it will last longer, and believe 
that the SHS can be used to power flatirons and refrigerators. I, myself, also got confused 
during the installation in Mata de Cacao, and would not have been able to use the SHS, based 
on the explanation that was given by the technician, who after very brief instructions left the 
site saying: “Now you more or less know.” (ibid: 18.12.13).  
 In addition, there are several “mistakes” to make: “Sometimes you ruin the system if 
you put the cables wrong or if you don’t take good care of the system9” (ibid: 14.11.13). In 
other words, the human and the non-human interaction is ought to be performed in a 
predetermined way when it comes to installation, usage, and maintenance. As Medardo 
describes it: “It was more complicated with 12 volt. If you connect it wrong, you can burn 
                                                
9 “A veces se ruina el sistema si se pone los cables mal o si no cuídalo bien el sistema” 
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everything10” (ibid: 15.11.13). As such, the technology does not reflect much adaptability, 
flexibility, or responsiveness - it is not very fluid as there is only one correct way to use it, 
which is unfortunate as a fluid object: “(…) may well proof to be stronger than one that is 
firm.” (de Laet & Mol, 2000:225). Even though the user is free to make his/her own 
installation and thereby get involved, there is no room for their methods and insights of the 
installation as there is only one correct way of installing it. As such, the point of fluidity, 
questions the argument brought forward in the renewable energy debate, where off-grid 
technologies often are portrayed as simple, matching “(…) real local demand in a more 
flexible way” (The World Bank, 2003:2).  
 In addition, the inflexible SHS that requires professional installation and reparation 
does not match the ‘real’ user, as the ‘real’ user does not have easy access to technical 
assistance. As described by one informant: “They come and install it and do not return to 
repair or revise it11” (ibid: 16.11.13). In theory, Tecnosol and Ecami do provide assistance in 
the villages after the installation. However, the client has to cover the transport expenses, 
which is difficult for most ‘real’ Nicaraguans (appendix 7; appendix 8). The average price for 
a SHS consisting of a 50W panel, a 12-volt battery, an invertor, wires, a regulator, and two 
LED light bulbs is around 230 USD (fieldnotes: 20.3.14). Being amongst the 80 % of the 
rural population, who lives for less than 1 USD a day, 200 USD is a lot of money (IFAD, 
2010). And although microfinance institutions12, in an established partnership with e.g. 
Ecami and Tecnosol, are playing a big role in supporting distribution of SHSs to low-income 
families (appendix 9), most of my informants expressed a preference for paying the systems 
in one time: “It turns out better to buy it in one time.13” (Ibid: 14.11.13) and “For us it turned 
out to be really expensive, because it was through the bank. The people who have cows, buy 
it in one time14” (ibid). Microcredit loans were generally not preferred: “The option with the 
bank is not very good. For them [the bank], it is not bad but for us, it is. It turns out to be 
much harder  [to pay the SHS] with the bank.15” (Ibid: 14.11.13). As a result, due to financial 
restrictions, the average SHS owner has a hard time gaining access to professional 
                                                
10 “Estaba mas complicada con 12 voltio. Si conecta ella mal, se puede quemar todo” 
11 “Ellos vienen a instalar. No vuelven a repararlo o revisarlo” 
12 Nicaragua represents the most active microfinance market for sustainability initiatives in Latin 
America (Dolezal et al., 2013). 
13 “Sale mejor comprarlo en un solo”. 
14 “A nosotros salió carísimo, porque fue a través del banco. Lo que tiene baca se lo compra en una 
vez”. 
15 “No esta muy buena la opción con el banco. Para ellos, no es malo, pero para nosotros sí. Sale 
duro con el banco” 
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installation and reparation. Drawing on Latour’s Actor-Network Theory, it could be argued 
that there is a ‘formal network breakdown’ between technician and user, after the system is 
installed. As a consequence, informal networks of technical support are created.  
 
When I ask Marcelino about the invertor that was here the other day, he says 
that his son, Angel, was fixing it because it broke. But he wasn’t able fix it. 
(Ibid: 14.11.13).  
 
The example above is one of many, where the SHS owner or his social network is taking the 
role as the technician. Also when it comes to the installation, the owners or family members 
often install the system themselves as the professional installation is an extra 80 dollars. 
(fieldnotes, 20.3.14; appendix 7).  
 However, I will not go as far as saying that the system is a case of complete 
inflexibility. A bit of fluidity is demonstrated when it comes to the physical trading of the 
system, which appears to be driven forward by informal networks. To elaborate many of the 
systems I was introduced to were bought second hand from other families. Marcelino’s 
system was bought from a family member from another village (ibid: 11.11.13) and in 
another case, the panel was bought by a lady from the States. The rest was purchased from 
Tecnosol (fieldnotes: 16.11.13). The fact that you can buy bits and pieces from different 
places, i.e. combine the formal as well as the informal network, leave some pieces out, and 
add on to the system in the future, demonstrate some level of flexibility. You do not have to 
buy the full package, which makes the SHS easily acquirable, and adjustable to individual 
households’ resources. Fluidity is also seen as the ‘real’ user has invented a new practice and 
application of the system; they take the lead from the battery and use it for fishing, instead of 
returning the expired battery to the shop (appendix 8). In this way, as stated by Akrich, the 
‘real’ users help themselves to achieve their goals and changes the intended script where the 
expired battery is ought to be returned to the shop. Unfortunately, the flexibility in 
purchasing the system as well as the alternative manner of recycling of the battery are not 
very valuable with respect to electricity generation, as the installation, maintenance and 
reparation proof complicated and inflexible.  
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7.4 The Individualistic User 
A distinct character of the SHS is that it is mobile and independent. As pointed out by Arne 
Jacobson in his solar study in Kenya, the energy production of the small-scale SHS can be 
characterised as a decentralised electrical service to individual homes. As such, it is a 
technology that corresponds well with the widespread developmental strategies of promoting 
development through self-reliance, as suggested by Escobar. Also in Nicaragua, it is 
commonly perceived that: 
 
“It is better to bring a panel 1000 times than to bring the grid. (…) to bring a 
panel you have to go two, three hours by horse. Therefore it is difficult to arrive 
at a house, situated in this distance… With the grid it is difficult. You can only put 
a panel16. (Appendix 7)  
 
Also, the system is often referred to, both by users and sellers, as “your own panel” (ibid; 
fieldnotes: 11.-16.11.13). Drawing on Akrich’s notion of the world in-scribed into technical 
objects I argue that a user of individualistic character is inscribed in the technology. 
 This in-scription is very different from the collectivist approach to everyday life in 
rural Nicaragua where, even though low on resources, people are generous and giving. This 
was e.g. seen when the SHS customer in Ecami, gave money to a homeless women on the 
street, even though he could not himself afford to buy the SHS (ibid 20.3.14), but also in 
general everyday life where it is common practice to share whatever you have, e.g. food, 
clothes, houses, money etc. (fieldnotes: 18.12.14; 14.11.13). Also, relatives live closely in 
order to be able to help each other with various household tasks (ibid: 14.11.13).  
 People also take a collectivistic approach to energy use. This applies to both grid-use 
and solar energy use. To start out, with the grid-use, it is common practice to share with, or 
“steal” electricity from other community members (Dolezal et al., 2013:32; MEM, 2011:58). 
This happens by manually connecting wires to each other’s households. This is not because 
“(…) people wanna steal the power” (appendix 10: l. 65-66) but because: 
 
“If you go to the offices, to the electricity company, and you are asking for your 
                                                
16 “Es mejor llevar un panel 1000 veces que llevar la red convencional. (…) a llevar un panel tienen 
que ir dos, tres horas a caballo. Entonces es difícil llegar a una casa que queda en esa distancia pues 
– con la red es difícil. Solo puede poner un panel.” 
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electricity it take like months. Sometimes like year. And they asking you for a lot 
of money so what people do is just connecting” (ibid: l. 45-47). 
 
“To steal power” is unofficially accepted in Nicaragua, even by Unión Fenosa17 who leaves 
the illegal connections untouched because “(…) if they cut your wires, you are just 
connecting again” (ibid). Being connected to the grid in Nicaragua can by no means be 
considered as a reliable source of energy as, although improved since the energy crisis in 
2006, monthly electricity blackouts still appear at unexpected times. However, one of my 
grid-connected informants considers himself and his village lucky, as thanks to an increased 
amount of tourism in his area the blackouts do not last too long: 
 
“Because you know those guys call and definitely the company send someone to 
fix that. Easy, you know. But if this is normal local people, like a normal family 
doing the phone call, they go (…) “Oh, you only pay 50 Córdoba a month”. They 
don’t even care, they don’t give a shit about what you say, you know what I 
mean.” (Appendix 10: l. 247-57)    
 
In other words, to obtain grid connection in rural Nicaragua is a complex and messy matter 
that takes time, is expensive and unreliable. Therefore, people commonly conduct an energy 
behaviour that is based on sharing the electricity between households.  
  This collectivistic behaviour also applies to the solar energy use. E.g. during the 
installation of the SHS in Mata de Cacao, the first question asked by the son of the people, 
whose system was installed, was how he could connect to the SHS from his home up on the 
hill (ibid: 18.12.14). However, the technician, had to inform him, that the system was only 
strong enough, to power one household. Also, in Marcelino’s house the invertor had been 
borrowed temporarily from the neighbour of his oldest son, i.e. devices from the SHS were 
shared (fieldnotes: 14.11.13). Using Akrich’s terminology, this illustrates that the consumer 
does not recognise the predetermined individualistic morality and culture, in-scribed in the 
SHS. And according to Tanja Winther, who studies the arrival of electricity in rural Zanzibar: 
“Such values may (…) sometimes be contradictory and pose dilemmas when new technologies 
are introduced” (Winther, 2013:166). Based on these two approaches I argue that the 
discrepancy between individualistic and collectivistic values might potentially pose three 
                                                
17 The Spanish, privatised company that controls the 95 % of the electricity distribution (Dolezal et 
al., 2013) 
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dilemmas to the SHS introduction.   
 Firstly, in the case that the ‘real’ user installs the system himself, it is likely that he 
will offer connections to neighbouring houses, due to expectations of showing solidarity and 
sharing what one has with community members. This would result in insufficient electricity 
for both households, an exhaustion of the battery (in case of no regulator), or the burning of 
wires used for the connection, as if the wire is too thin, the electricity will burn the cobber and 
the insolation, and in worst-case scenario, start a fire.  
 Secondly, based on their study of the Zimbabwe Bush Pump, de Laet and Mol argue 
that in order for a technology to be appropriate in “intractable” places, it has to promote joint 
ownership and collective responsibility. Unlike the Zimbabwe Bush Pump, there is no 
collective decision or action to be made in relation to the installation or maintenance of the 
SHS, which influence the success, or failure of the outcomes because it becomes difficult for 
the SHS user to generate commitment for maintenance.  
 Lastly, although not technologically related, this point of analysis illustrates the close 
interconnections among energy, social life, and culture. As stated by Winther: “The changed 
sociomaterial forms through which values are expressed (…) may ultimately result in the 
transformation of cultural values”. In other words, the individualistic technology might lead 
to a change in cultural values, as the norm of sharing is not accommodated. According to 
Akrich, if the ‘real’ user does not render the object useful, the design of a technological object 
is purposeless. I do not believe that the SHS is rendered useless by its users. However, I 
would argue that the design of the SHS is a case of exclusion, as Akrich puts it, as the users 
de-scription of the in-scribed script is not considered in the process of adjustment and 
negotiation. This becomes a barrier to the introduction of the SHS, as it is through the 
performance and the negotiations, forth and back, that a technology can reach stabilisation. 
 
7.5 Summary  
Factors that influence the outcome of the SHS are, in this chapter, identified to relate to 
various discrepancies between the projected and the real user, as well as lack of fluidity of the 
system. Firstly, the limited mode of consumption inscribed in the system hardly corresponds 
with the real users energy demands. Although people regard the regulator as a reliable actant 
to protect the battery, the regulator is often left out due to insufficient economic funds, which 
result in many broken batteries because of a “greedy” consumption behaviour. Also, the 
projected user learning through written manuals is hardly matched with the ‘real’ user, who 
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learns through experience and the exchange thereof. In addition, in ‘real’ Nicaragua, access 
to technical assistance is expensive and difficult. This is unfortunate, as the SHS requires 
only specific ways of installation and maintenance, which according to de Laet and Mol 
makes the technology weak and bound to fail. Also the individualistic character of the SHS 
poorly matches the collectivistic SHS user, which can lead to technological “misuse”, lack of 
commitment for installation and maintenance, and a transformation of cultural values. Thus, 
the linear process of technological implementation is challenged as it becomes clear that 
successful implementation not only depends on design of the technology but on various 
socio-material relationships.  
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Chapter 8 – Analysis 2: Usage and Perception 
Having unfolded the technology of the SHS I will now turn to analysing the link between 
SHS perceptions and energy consumption patterns. This is based on the assumption that the 
perceptions we have on energy shape how we use it, and that our uses of energy 
simultaneously shape our perceptions of it (Strauss et al., 2013). I will do this by looking into 
how the users perceive and prioritise solar energy in their everyday life. I look at how this 
prioritisation leads to an energy consumption behaviour, where different sources of energy 
available in Venecia are ‘stacked’, challenging the linear ‘energy ladder hypothesis’.  
 
8.1 Economising Energy  
As stated in analysis 1 the low capacity of the SHS dictates certain behaviour of the user. In 
other words, with its inherent low capacity of 25-100W, which is what most rural families 
buy, the SHS affords only constrained energy consumption. This leads to a situation where 
the SHS owner has to prioritise how they use the solar energy produced on daily basis. An 
example of this is Medardo and his family, who has six 12-volt light bulbs in the house. First 
of all, only three of the light bulbs were currently functioning. Secondly, they could only use 
one light at the time because: “(…) it [the electricity] turns off fast if they [the light bulbs] are 
switched on all the time18.” (Fieldnotes: 15.11.13). In Medardo’s words “We use what we are 
occupying – nothing else19” (ibid.). Similarly another informant, who recently bought himself 
a brand new SHS, describes his energy consumption: 
 
“I watch television and DVD plus one light. With 4 lights on I cannot watch 
television. If I am watching television with the battery charging during the day, 
then I can use the lights all night20” (Ibid: 13.11.13).   
 
As seen in these examples, although the SHS is supposed to provide electricity for 
developing countries to live an illuminated, “modern” life, the capacity of the system does 
not allow the users to live the life that the general debate imagines, i.e. to have more time for 
economic activities, work and study at night, cook at night etc. As a result, the outcomes 
                                                
18 “(…) se apagan rápido si están encendido todo el tiempo” 
19 “Usamos la que estamos ocupando – nada mas” 
20 “Veo televisión y DVD mas una bahía. Con 4 bahías, yo no tengo que ver televisión. Si yo estoy 
viendo televisión con la carga de la bacteria durante el día, puedo usar las bahías toda la noche” 
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suggested in the general debate are hardly reflected in the data, as people have to economise 
the energy provided by the SHS.  
 Because the energy capacity is limited, people in Venecia have to be flexible in the 
way they use their energy and conduct their lives. As stated by Akrich, “Some techniques 
move closer to “social control”. They establish norms and punish those who transgress 
them” (Akrich, 1992:218). “Punishment” in this case, would include that only one light bulb 
would be turned on, or that one would not to be able to charge one’s cell phone at night 
(fieldnotes: 12.11.13), or that church service will finish before time: “Sometime it  [the 
church] finishes earlier as there is no battery21.” (Ibid: 15.11.13). In other words, the SHS 
exerts social control and imposes certain norms on the user, which means that the users have 
to economise and be adaptable in relation to their energy consumption.  
 
8.2 Stacking Energy Sources 
During my fieldwork in Venecia it quickly became evident that all of my informants, without 
exception, used “modern” as well as “traditional” sources of energy in their energy practices. 
I additionally found that different sources of energy were categorised and used for different 
purposes, as suggested by Hiemstad van-der Horst et al. and Masera et al. In their electricity 
study in rural Mexico, Masera et al. suggest an alternative model to the linear progression, 
which they refer to as ‘energy stacking’. With the fuel stacking strategy new fuel sources are 
added but unlike what is presumed in the energy ladder model traditional fuels are not 
abandoned and entirely replaced. Similar to this observation, my empirical data demonstrates 
that households in Nicaragua use multiple fuels alongside each other, slowly integrating the 
solar energy into the energy use pattern.  
 An example of this is the mix of energy sources applied in church, despite the fact 
that they have a 100W solar panel on top of the roof. One day after church, the energy 
consumption situation was explained to me; the one amplifier of 12 volt is connected to a 12-
volt battery, which is connected to a solar panel. The energy generated from this, is for the 
microphone. In addition they have a car battery, which gets charged in Chinandega. This 
battery is used for a bigger 110-volt amplifier, which is stronger and has a higher volume. For 
the light in the ceiling, they use a mix of the generator and a car battery that gets charged in 
Mechapa. However, the car battery is stronger than the generator and is thereby preferred, 
                                                
21 “A veces termina mas temprano, como no hay batería” 
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over the generator. The energy generated form the solar panel is the least strongest, thereby 
used for the smallest amplifier (ibid: 17.11.13). 
 This energy mix and categorisation was also apparent in the households, especially in 
the kitchens. Not unexpectedly, the introduction of solar energy did not decrease the use of 
firewood for cooking as the SHS is not designed for cooking – the solar cooker is. However, 
unexpectedly most women still cooked with torches in the kitchen instead of, or as a 
compliment to, the solar driven light bulbs. Various women explained the reason for this to 
me: “With one light in the ceiling, it is not possible to see all the things in the corners.22” 
(Ibid: 13.11.13). In many cases, the kitchen area was completely “left in the dark”, with no 
preference of installing a light bulb in the ceiling. During the installation of a SHS in Mata de 
Cacao the SHS owners had to choose where to place the four light bulbs that came with the 
SHS. They chose to place one in ‘la sala’ – the open-spaced, common area, two in two 
separate bedrooms, and one on the back of the kitchen shining light on the outside area. 
When I asked the wife why they did not prioritise light in the kitchen, she looked and 
frowned at me and pointed to her torch: “I cook with the handheld torch23.” (Ibid: 18.12.13). 
This example illustrates how the identified energy transition complexity is explained by 
active choices by the consumer, and not as a coping strategy as the energy ladder hypothesis 
would suggest. Based on these findings, it could be suggested that the solar energy is 
categorised as energy used to provide light only in certain areas of the house. In general when 
I asked my informants why they had invested in a SHS they would say that: “The light is the 
most important24” (Ibid: 15.11.13) and “It is the most excellent technology there is. The most 
sufficient in the places that don’t have light.25” (Ibid: 13.11.13) and e.g. “It is very important. 
We have a 1-year-old baby. I get up at midnight to give the bottle to my baby. With candle 
lights it is difficult26” (Ibid: 20.3.14). 
 To sum up, despite the advent of “modern” electricity in the SHS households, every 
energy source, charcoal, firewood, gas, generators, car batteries are still in use. Maybe for a 
different purpose and maybe not to the same extent but in every case, the energy sources are 
still in us. This observation challenges the linear hypothesis of the energy ladder as suggested 
in the renewable energy debate, and poses a critical question to the argued environmental 
                                                
22 ”Con una buhía en el techo, no se puede ver todas las cosas en las esquinas” 
23 “Cocino con lámpara del mano” 
24 ”La luz es lo mas importante” 
25 “Es lo mas excelente tecnología que hay. Lo mas suficiente en los lugares que no tiene luz” 
26 “Es muy importante. Nosotros tenemos un bebe de 1 ano. Me levanta media noche para dar la 
pacha a mi bebe. Y con candelas es difícil” 
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benefits highlighted in the debate. Solar energy is not regarded as an all-around supplement 
for other energy sources. Rather it is used as compliment to the mixed electrical 
infrastructure. 
 
8.3 The Construction of an Inferior Technology 
Having identified how people use the solar energy, I will now investigate how this is linked 
to the perception of the SHS. Like in many other countries, there are a wide variety of 
Chinese products in Nicaragua ranging from mobile phones, to souvenirs and motorbikes to 
SHSs. The SHSs I was introduced to were produced and imported from China, Europe or the 
USA. It never was clear to me, or the SHS users, where their specific SHS exactly was 
produced, but there was a clear understanding that Chinese SHSs equalled poor quality. This 
was a common perception amongst both vendors and users:  
 
“We import [the SHS] from the United States and Europe… Even though some 
come from the part of China, but it’s few. We bring many from over there  [the 
United States and Europe] because they are of better quality.27” (Appendix 7).  
 
Similarly, one of the more regular comments when talking about the functionality of the 
systems was: “The convertor failed on me, because it is Chinese.28“ (Fieldnotes: 16.11.13). 
And among the villagers the story went that Honduran or North American products are of 
better quality: “Solar energy is cheaper in Honduras and El Salvador. The ones they produce 
in Honduras have better charge29” (ibid: 11.11.13). On the other hand, the Chinese products 
are poorly fabricated and do not last long. And since the SHS I was introduced to more or 
less all were dysfunctional, the user would blame it on the fact that it was produced in China. 
However, the human actor was also perceived to have an influence on the functioning of the 
system as many of my informants, including the technician, expressed that when a system 
does not work, it is because people do not take good care of their system (ibid: 18.12.13).  
 As such, both human and the non-human actors are perceived as influencing the SHS 
outcome. This leads to the common perception that the solar system is a temporal source of 
                                                
27 “Importamos de los Estados Unidos y Europa… Aún algunos vienen del lado de Chino pero es 
poco. Nosotros traemos mucho de ahí, porque tienen calidad”   
28 “La convertidor se me quemó, como es Chino” 
29 “Energía solar está mas barato en Honduras y El Salvador. La que fabrica en Honduras tienen 
mejor carga”.  
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energy that will be substituted when/if they one day obtain grid-connection: “In Los Playones 
the majority there had panels. But then the electrical energy came [the grid] and now they 
are selling the panels.30” (Ibid: 15.11.13) and “Then I don’t need solar energy anymore and 
you sell it to other people who needs it.31” (Ibid: 11.11.13). Other informants described their 
thoughts to me when I asked; if they thought that they one day would be connected to the 
grid: 
 
“I don’t think so. There were many projects… Maybe in the future, but it is not very 
certain. If it  [the grid] enters we leave the panel in the house, because sometimes 
they  [Unión Fenosa] cut the light… Or you sell it to other people. 32 ” (Ibid: 
16.11.13).  
    
In other words, the SHS is viewed as both an inferior technology that you sell, when 
something better comes along, and a backup technology to compliment the unreliable, 
national electrical infrastructure. In contrast to the argument in the renewable energy debate 
that renewables are reliable sources of energy providing greater energy security, most users 
do not intent to continue using the SHS if/when they get access to the grid. This is because 
the SHS is not perceived as a permanent, sustainable source of energy, but is co-constructed 
as an inferior, backup technology. This leads to doubts about the environmental benefits of 
renewable energies highlighted in the general debate. 
 Therefore, in agreement with de Laet and Mol I argue that if something has to be 
permanent, it has to be fluid. With the very limited amount of fluidity, as identified in 
analysis 1 the technology has a hard time reaching stability and thereby reaching a status as a 
permanent solution to ‘energy poverty’. However, at the end of the day the SHS still allows 
you to enjoy basic electricity services otherwise reserved for those who are connected to the 
grid. As stated by one SHS owner: “At least, with the panels, there is always light, as 
sometimes when it rains, a week passes without light [when relying on the grid].33” (Ibid: 
15.11.13). 
                                                
30 “En Los Playones la mayoría tenia paneles ahí. Pero llegó la energía eléctrica, y ahora están 
vendiendo los paneles” 
31 “Ya no necesito la energía solar y se vende para otras personas que la necesitan”.     
32 “Yo pienso que no. Habían muchos proyectos… Tal vez en el futuro, pero no es muy seguro (…) Si 
entra, dejamos el panel en la casa, porque a veces se cortan la luz… O se vende a otras personas” 
33 “Por lo menos, con los paneles, siempre hay luz, como a veces con un lluvia pasa una semana sin 
luz” 
  
 62 
 
“To have solar energy is almost like having electric energy  [the grid connection]. 
Of course I would prefer the electric energy to have a fridge, television, 
equipment. To have this, you need to have at least four panels… For us, the poor, 
it is good with a solar panel, so that we aren’t in the dark.34” (Ibid: 14.11.13) 
 
And because the user demonstrates flexibility, by economising, stacking and combining 
different sources of energy, they are able to live a “permanent” life. As such, different to 
what we see in the “Western world”, where the consumer lives ‘on top’ of the electrical 
infrastructure, by not knowing what to do or how to act, if there is a breakdown in the “taken-
for-granted”, stabilised infrastructure, I argue that the Nicaraguan consumer lives with, or is a 
part of, the electrical infrastructure. In other words they know how to manoeuvre and 
economise in an unstable, dynamic environment – they become a resource in the 
infrastructure.  
 These observations become interesting in relation to Pieterse holistic and critical 
approach to development as described in Chapter 3. Pieterse’s World Development theory 
suggests that rather than thinking development as a process reserved to 'developing countries' 
we should think development as something that is reserved to all societies, regarding all 
societies as developing and as part of a global process. If we rethink the linear idea as 
development reserved for the “South”, with a unidirectional learning process from the 
“North” to the “South”, I suggest, that the “North” might learn from the way that electricity is 
consumed and perceived in developing countries. It might be beneficial to redefining 
development “(…) no longer as ‘improvement’, but as collective learning”. In other words, 
adopting a more flexible attitude to energy use, by mixing different sources of energy, 
learning to live as part of the energy infrastructure, might be an important element in 
reducing dependency on fossil fuels. As reflected in this thesis’ empirical data, if the energy 
situation poses inflexible to the consumer by being limited, expensive, or unsustainable, it is 
the consumer who has to demonstrate flexibility in his/her energy consumption behaviour, in 
order to conduct a life with electricity.  
 
                                                
34 “Tener energía solar, casi es como tener energía eléctrica. Claro que preferiría la energía eléctrica 
para tener refri, televisor, equipo. Para eso, tiene que tener por lo menos 4 paneles… Para nosotros 
los pobres, es bueno con un panel solar, para que no estamos en el obscuro”. 
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8.4 Summary 
To sum up on, due to the low energy capacity of the SHS, people have to economise their 
energy use. In addition, the SHS user ‘stacks’ the energy by combining kerosene, candlelight, 
gas, car batteries and generators, to live a “permanent” life. This means that the SHS is not 
used as a direct substitution of the fossil- and biofuels already existent in the energy mix, 
challenging the linear energy ladder hypothesis. It rather serves as an added compliment and 
is primarily purchased for the purpose of illumination.  
 This both influences and is influenced by the common perception that the SHS is an 
inferior, backup technology relative to the grid connection. Both human and non-human 
factors influence this perception; the low capacity and the low quality, Chinese system and 
the fact that people do not maintain the systems well. As a result, the SHS is perceived as a 
temporary solution to ‘energy poverty’, as opposed to a permanent mean to attaining the life 
that you want. Drawing on the notion of ‘fluidity’, I argue that the temporal character of the 
SHS is caused by the inflexibility of the technology in itself. On the contrary, the Nicaraguan 
users show great flexibility in the way they manoeuvre in an unpredictable electrical mix. 
Based on Pieterse’s World Development theory, ‘Western’ societies might benefit from 
redirecting the unidirectional “North-South” learning process, by adopting a similar approach 
to energy consumption as part of the solution to overcoming climate change.  
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Chapter 9 – Analysis 3: SHS and Social Significance 
In this chapter, I study the link between the SHS and the social practices related to it. More so 
than in the two other analyses, studying the connection between electricity and social 
activities will give me an indication of the social outcomes related to its introduction. 
Therefore, in this analysis attention is shifted more towards the human actors and their 
actions, rather than unravelling the SHS. The findings are used to discuss the linear rationale 
invested in the renewable energy debate: Through modernisation, i.e. increased capital, 
technology, and education, the individual consumers have the power to work themselves out 
of poverty. I will start off this chapter by presenting a narrative description of a TV night I 
attended in Venecia. As an extension to exploring the social factors, I also address two key 
emotional factors, i.e. hope for modernisation and psychological empowerment, which I 
identify as being related to the SHS and its outcomes.  
 
9.1 The Social Magnet 
I arrive at the family Navarro around 6.30 pm in the darkness. I arrive in pouring rain on 
Carlo’s motorbike. Veronica greets me quietly and a little shy with her son Henry, watching 
me reluctantly on her side. They are the only two in the house. Medardo is at the neighbour’s 
house watching television with their 9-year-old daughter Naomi. The family Navarro has a 
12-volt television, a DVD player, a converter, a regulator, a 100W solar panel, six 12-volt 
lamps, and one battery. However, when Veronica greeted me, she still hadn’t turned on the 
light even though it was dark.  
 As Veronica serves me a classical dinner of rice, beans, and guajada (cheese) she 
turns on one light bulb upon my request. I ask her some question about their SHS and she 
gets very embarrassed and says: “I don’t know anything. It is better that you wait asking 
questions until my husband comes home”. An hour later, Medardo comes home. He is 
limping on crutches as he has a very bruised and inflamed foot. He tells me he was in a 
motorbike accident about 4 months ago, but the foot hasn’t seemed to heal very well. We talk 
a bit about the SHS, and he explains to me that three of the light bulbs don’t work anymore, 
the battery is damaged and old, and that the original invertor had been substituted for a new 
one.  
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When I wake up in the morning the day after, Veronica is up, ready with a plate of breakfast. 
I ask where Medardo is and Veronica tells me that he already left the house to go to his 
brother’s to watch television. Realising what a magnet the television is for the dad, I decide 
to go and have a closer look at this device. After having jumped some barbwire fences and 
crossed three fields with cows, I arrive at the house. And it wasn’t difficult to find as the big, 
bright, red Claro antenna was sticking out, telling me that I had arrived to the house with the 
television.  
 
  
 
Expecting to see Medardo watching television, I was met by four men who sat in a circle 
pealing corn. As such, Veronica didn’t actually know what Medardo was doing. However, 
she just assumed this to be so. Elmer (Medardo’s brother) tells me about the Antenna: “The 
31st of March it is turning 2 years”. Elmer tells me that he was lucky to get his antenna as 
normally they would never come to install just one. His sister who works in Chinandega 
asked for it in the town, Mechapa, as she was watching another antenna getting installed.  
 Slightly disappointed that the television wasn’t turned on, I was lucky to get invited, 
by Elmer to watch television in the night time... When I come home from my little excursion, 
the first thing Veronica asks me is if I saw the Claro antenna. “It’s pretty. You can watch 
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everything - news and novellas. It is pretty. And it [the house] fills up with people35”. Around 
4 pm Medardo and Naomi start to get ready. Medardo puts on a bright yellow, newly washed 
and ironed shirt and long pants, and Naomi combs her hair and puts on a pretty dress. It is 
clear that this is the highlight of the day… Walking about a kilometre distance to the house 
suddenly seemed long, for a man on crutches. It is not an easy road for Medardo, but Naomi 
helps him cross the fences in a routinised manner. It is clear that it is not the first time that 
farther and daughter have walked this road together. Naomi is very excited and so am I. 
Naomi asks me where I am going to sit at the television; in the front or in the back. The movie 
we are going to watch is shown from 5-7 pm on a Nicaraguan channel.  
 Once again, as we arrive, the television is placed on the table in the corner in the 
open room with three walls. It is turned off with a cloth covering it. After about 15 minutes 
the television is turned on, and an increasing amount people have come to the house, now 
sitting with their eyes directed at the television. Before the television was turned on, children 
and men were talking and playing around. Now that the television is on there is complete 
silence. Only the noise from the television fills the room. Chairs and wooden stumps are lined 
up almost like a little cinema. Like Veronica told me the day before, it was packed with 
people, however only with men and children. The atmosphere is friendly and people are 
happy. The movie is an old black/white, Mexican movie from the 60’s. There are big pianos, 
old fancy dresses, “white” Mexicans, fine china, big halls and houses, fur coats, chandeliers 
hanging from the ceiling, long staircases with red carpets leading down to the hall of the 
house. I cannot help but feeling a little awkward, as we are in such poor conditions watching 
so much wealth. However, no one but me seems to be feeling this way. 
 While we are watching the movie, Elmer’s wife is cooking in the kitchen, with a touch 
on her shoulder. During the movie, Medardo and I are invited to come to the kitchen to have 
dinner. As we enter the kitchen Elmer’s wife turns on the light bulb in the ceiling. It is clear, 
that this TV night is a social event. People gather around the television and spectators are 
offered food. As we are consuming the rice and beans on our plates, I cannot help but stop 
thinking about Veronica and Henry who we left behind in the house. Before we left, Veronica 
told me that she would have dinner ready for us for when we returned. Therefore, not to be 
rude to Verona I didn’t eat a lot of the food offered to us. I remind Medardo that Veronica 
                                                
35 “Es bonito. Puede ver toda noticia, novelas – es bonito. Y se llena con gente”.  
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has food waiting for us, and he looks at me and say that he comes home: “only to sleep.” 
(Fieldnotes: 15-16.11.13).  
 
9.2 A New Social Space - Not for Women 
The story above, illustrates a classic scenario of how electricity interconnects with the social 
lives of the families in Venecia. Unlike what is stated in the general debate about electricity 
generating income, improved health and education, TV watching was a very apparent social 
outcome, related to the advent of electricity. Also for the families, who do not have a TV in 
their houses.   
 
“Do you like watching television?” is the first question that Marcelino asks me, 
upon my arrival at his house. Before I got the chance to give him an answer, he 
goes on: “We get channel 1 and 2 here.” Marcelino doesn’t have a television 
himself or lives nearby a house that does. But he certainly knows what channels 
are available. (Ibid: 11.11.13). 
 
That TV takes up people’s time and consciousness corresponds with Jacobson’s and 
Winther’s studies on how social activity interconnects with the introduction of electricity in 
Kenya and Zanzibar respectively. Jacobson states that: “A central driver for demand in the 
Kenya solar market over the past 15 years has been a desire to secure electricity for 
television in rural homes” (Jacobson, 2007:148).  
 However, unlike Winther’s research study of grid-connection in Zanzibar that 
suggests a decrease in gender segregation, the new connections between solar energy, 
television and people create a new social space for men and children – not for women. This is 
similar to the gender segregation seen in church where women and men are sat separately, 
and where women cannot be chosen by God to preach (when the pastor is not there), because 
“women are not able to” (fieldnotes: 15.11.13).  
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In Veronica’s words, she doesn’t watch television because it “hurts her eyes” and she is “not 
good at watching television” (ibid: 16.11.13). However, I believe that it may also be due to 
norms of respectability like seen with alcohol and cigarettes, which are also “objects of 
amusement” like the TV is. To drink or smoke is something men do and, if enjoyed by 
women, perceived as extremely disrespectable. However, this explanation should be regarded 
as a speculative point of analysis, as an explanation to why women do not watch television 
was never given to me directly.  
 Additionally, it was interesting to observe the strong interconnection between the 
SHS, the TV and the children. When I asked different families why they had bought a SHS, 
many informants would answer: “Because of my children so that they watch television… For 
light.36” (ibid: 16.11.13). It was never my impression that children commonly use the SHS to 
study at night. When I asked Veronica if Naomi and Henry study at night, she said: “No. At 
night they like to play, they say.37” (Ibid: 16.11.13). This challenges the educational benefits 
presented in the renewable energy debate. Firstly, the children in Venecia might be watching 
                                                
36 Por los hijos que ellos miran televisión… Para la luz”. 
37 “No. A la noche le gustan a jugar, dicen”. 
Division of women and men during church 
ceremony. 
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TV rather than studying at night. And secondly, many families only switch on the 
“prioritised” light bulb after approx. an hour after darkness or when absolutely needed 
(fieldnotes: 11;16;13.11.13). Instead the energy is economised, as seen in analysis 2, and 
often negotiated between light and television. E.g. If you want to watch television at night, 
you cannot use more than one light bulb at the same time. Therefore in agreement with 
Jacobson’s study of PV systems in Kenya, these findings indicate that: “(…) while solar PV 
provides the potential to facilitate children’s education, household energy allocation 
dynamics play a central role in determining the actual outcomes” (Jacobson, 2007:153).  
 Rather than fostering educational benefits, the electricity provided by the SHS creates 
a new social space for the production, circulation, and negotiation of meaning (Winther, 
2013). I argue that the meaning created in this new social space is related to a set of 
emotional factors. E.g. the schoolteacher of Venecia bought a SHS for her son and his family 
choosing to leave her own house unpowered. She believes that the SHS is better suited for 
her son:  
 
“To not be bored. The sun benefits you with this. I don’t regard it as that 
important to me. I’m accustomed. For my son, it  [the SHS] is better, to watch  
television (…) You use this solar system mostly to amuse yourself, watching 
television, listening to music, the pastor (…) So I go to bed at 7 at night when it 
gets dark. I don’t need the television.38” (Ibid: 14.11.13)  
 
As seen in the statements above, the teacher bought the SHS for her son to not be bored. In 
general, my informants expressed that the reason to have television is to pass time, be 
entertained, and not be sad:  
 
“Before we used the generator daily to watch television (…) Primarily to watch 
the news, to not be bored, to not be sad, to have your thoughts in other things. 
The television is to pass the time.39” (Ibid: 14.11.13).  
 
                                                
38 “Para que no se abure. El sol te beneficia con eso. No lo veo tan importante para mi. Estoy 
acostumbrada. Para mi hijo es mejor, para ver televisión”(…) Esa sistema solar es mas para 
divertirse, viendo televisión, oyendo música, el pastor (…) Por la 7 a la noche, estoy acostada. Para 
mi no hace falta la televisión”. 
39 “Antes usábamos la planta diario par ver televisión (…) Por primer lugar para ver las noticias, 
para no está aburrida, para no está triste, para tener su pensamientos en otras cosas. La televisión es 
para pasar el tiempo” 
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And as expressed by an informant during the installation of his SHS: “We are going to be 
more cheerful.40” (Ibid: 18.12.13). Therefore, it could be argued that the social activity of TV 
watching is connected to a set of emotional outcomes and factors such as enjoyment, not 
feeling bored or sad, being entertained and passing the time.  
 
9.3 Solar Energy and (dis)Connection 
According to Jacobson as well as Love & Garwood, other meanings produced and negotiated 
in the new TV space is the meaning of connectedness. As seen in the Theoretical Framework, 
Jacobsen and Garwood & Love argue that the developmental implications of solar 
electrification are closely linked to its role in enabling the use of connective devices to help 
increase interconnectedness between the rural dwellers and people, markets, and ideas in 
national and international urban centres. In agreement with this, I argue that the social act of 
watching TV is somehow related to feeling connected both to the outside world, but also 
internally in the community.  
 Being connected to the outside world of rural Nicaragua involves listening to urban 
music on the radio channel (fieldnotes: 13.11.13), as well as being able to connect through 
cell phone with relatives who live in other parts of Nicaragua or other parts of the world 
(ibid: 11.11.13). Connectedness related to watching television includes commercials from the 
big shops in the cities, movies from e.g. Mexico and watching worldly events such as the 
World Cup in soccer (ibid: 15.11.13). Also, watching the news gives a sense of being 
connected to what is happening in Nicaragua and other countries: “We watch various 
channels. We watch soap operas, news, movies. In first place, it is to watch the news. We 
watch them every day.41” (ibid: 14.11.13). For many of my informants, watching the news 
was highly valued. It could be argued that the connective meaning of watching television 
might outplay the entertainment value as watching television with antenna signal, rather than 
watching television connected to a DVD player, is preferred. As explained by Medardo, 
when I asked him why he prefers to watch television at his brother’s house rather than at 
home he says: “He  [Elmer] has a Claro antenna to watch channels from the other countries. 
I only have a DVD.42” (Ibid: 15.11.13).  
                                                
40 “Vamos a estar mas alegre”. 
41 “Miramos varios canales. Miramos novelas, las noticias, películas. Por primero lugar para ver las 
noticias. Miramos noticias todo los días”   
42 “El tiene antena de Claro, para ver los canales de los otros países. Yo solo tengo DVD”. 
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 At the community level, the arrival of the SHS also connects people. During the 
installation in Mata de Cacao around seven people came to watch the installation, giving 
advice, and exchanging knowledge about the system (ibid: 18.12.13). In other words, the 
solar technology attracts a lot of attention leaving everyone in the village knowing exactly 
who, and how many, are powered by solar energy, reporting which systems work and which 
don’t (ibid: 14.11.13). As such, the introduction of electricity to Venecia connects villagers 
both by gathering them in the homes where the SHS is installed, but also by gathering people 
around radios, televisions, and in the SHS households, which have an invertor and thereby 
can charge cell phones. In other words, the SHS leads to both social and emotional outcome 
of connecting the dwellers both within the community and to the outside world.  
 On the contrary, drawing on Winther’s study on grid-connection in Zanzibar, I will 
also argue that the television has a “disconnective” significance as it brings certain intra-
family divisions. As seen in the family of Veronica and Medardo, Veronica and her son stay 
at home in the house while the other half of the family leaves to watch television. Although 
the family has solar light themselves, Veronica is left behind in “the dark” both literally and 
figuratively speaking. Literally speaking, because she, in her own words, does not know how 
to use the SHS, and because they have to economise their electricity use in the house. 
Figuratively speaking, Veronica and her son are left in “the dark” because they are separated 
from their family every night, as are the rest of the women in Venecia who’s children and 
husbands are attending television nights at Elmer’s house. Now, as expressed by Medardo he 
only comes home to sleep. Based on the observation that women are not a part of the social 
space related to the introduction of the SHS, the women empowerment argument posed in the 
general debate might be questioned. Rather, women are excluded from the social space, left 
in “the dark” to guard the house, not knowing how to use the SHS.  
 
9.4 “Modern” Objects of Desire 
Based on the previous findings, the off-grid SHS may not have the socioeconomic benefits of 
income generation and studying at night, as proposed in the general debate. Rather emotional 
benefits and meaning making, such as being entertained and feeling (dis)connected were 
identified. In continuation to this, in the last parts of this chapter I look further into the 
emotional outcomes interconnected with the SHS.  
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During my fieldwork in Nicaragua, what continuously caught my attention and made me 
wonder, was the wide range of unused and/or broken televisions, radios, wires, socket outlets, 
cell phones, DVDs, blenders, speakers, stoves etc. taking up the picture.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Unused socket outlet 
 
Disconnected wires 
 
Unused television and DVD player facing the wall  
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On my first day in Venecia, Marcelino proudly demonstrated to me how one of their two 
radios could cleverly be connected to his SHS. However, the SHS had no invertor and 
therefore the 110-volt radio could not be used. In most families there were wires everywhere 
but only some wires were connected to light bulbs. The rest were used for hanging clothes on 
and all other sorts of things. In Marcelino’s house there were two outlets but only one light 
bulb was connected directly to the battery, which makes the other outlet of no usage. When I 
asked what the outlets were there for, they told me that it was meant for the kitchen. 
However, the light bulb in the kitchen was broken as well (fieldnotes: 12.11.13). Similarly, 
when I visited another SHS family who’s entire SHS was broken, I asked why they still kept 
the system on the roof if it was not working: 
 
“Well. We don’t know what is wrong with the system. Only the technicians know. 
Because of this it is better to save it in case that they can repair it (…) We will see 
what God will give us this summer. When the fishing is really bad, nothing 
remains  [for repairing the SHS].43” (Ibid: 14.11.13). 
 
As illustrated by the statement above, the SHS is kept as part of the house, as there is a hope, 
that one day, when God allows it, they will be able to repair it. There is no time perspective 
of when and how it will happen, but the hope is there and therefore the SHS is left untouched. 
Also, interestingly, even though most of the SHSs, which I was introduced to, had multiple 
technical problems my informants would still describe them as if they were working 
perfectly. They would present the SHS to me as if it was supplying them with power for all 
the technical gadgets lying around, waiting to get used:   
  
“It is very nice a panel like this. Now one can cook, iron in whichever hour. Use 
the blender, listen to the news, use the fan. You can cook at night, iron at night. 
You can charge your cell phone without disturbing anyone (…). With the 
convertor you can connect 110 volt lights, fridge, charge cell phones… We 
charge 5 Córdobas for every cell-phone charge.44” (ibid: 11.11.13) 
                                                
43 “Bueno. No sabemos que tiene el sistema. Solo los técnicos saben. Por eso es mejor guardarlo en 
caso que se puede repararlo (…) A ver que Dios dar nos este verano. Cuando la pesca está bien 
malo, no quedan” 
44 “Es muy bonito con un panel como eso. Ya uno puedo cocinar, planchar en cualquier hora. Usar la 
liquidador, usar el abanico. Se puede cocinar, planchar de noche. Se puede recargar su teléfono sin 
tiene que molestar a nadie (…). Con la convertidor se puede conectar buhías de 110 voltio, refri, 
cargar teléfono (…) Cobramos 5 Córdobas cada carga de su celular”. 
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Based on this statement, I spent my first day in Venecia truly believing that I was talking to a 
SHS owner, who was able to use all the appliances described to me. However, I soon realised 
that Marcelino and his family were not able to either iron, use a blender or charge their own, 
or other families’, cell phones. The reality was that they only had one light bulb functioning. 
Similarly, another informant told me that there were 12 houses with SHS in Venecia, of 
which only one system was not working (ibid: 14.11.13). Working or not, my informants 
were depicting a positive picture of the SHS as an enabler to use all the electrical appliances 
surrounding them. As described by Winther: “Electric light and appliances such as television 
sets and freezers are objects of desire and signs of modern way of living in rural Zanzibar” 
(Winther, 2013:166). Similarly, the unused appliances in Venecia were certainly ‘objects of 
desire’ to my informants, and associated with a desired way of living.  
 
This finding poses an interesting point of discussion in relation the rather ethnocentric 
expectation invested the renewable energy debate, of societies to fit a pre-existing model that 
embodies the functions of modernity; that societies with technological advancement will 
develop because they have an inherent preference for the most “modern” sources of 
electricity and are believed to use this to conduct micro-entrepreneurial and educational 
activities. To discuss this invested linearity, post-developmental thinkers such as Escobar 
rejects the developmental, modernity argument and suggests that we should devise means of 
liberating Third World societies from “the imaginary of development and for lessening the 
Third World's dependence on the episteme of modernity” (Escobar, 1992:47). In other words, 
Escobar argues that the South needs alternatives to development and modernity, a completely 
different way of thinking about society, economy and life. This should come from within the 
affected communities themselves by means of local, social movements (Escobar, 1992). 
Escobar identifies the defence of the local, i.e. the defence of cultural difference and 
livelihoods, as the main principle behind new social movements  (Mohan & Stokke, 2000). In 
alliance with many critiques of Escobar’s post-development outlook, I argue that with 
Escobar’s celebration of local knowledge and local resistance there is a risk of romanticising 
and essentialising “tradition” by equalising the ‘local‘ with authenticity and emancipation 
(Loper, 2011). In other words, it seems that the binary division between the local/global the 
modern/tradition is by Escobar turned up-side-down, with the “local” and “traditional” 
regarded as a valuable, authentic counterbalance to the damaging global “modernity”.  
 In agreement with this point of post-development critique, Ferguson suggests that 
while development and modernisation narratives might have lost credibility for some people 
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in some parts of the world, “(…) the claim that development is over would surely sound 
strange to many people in say, South Korea or China, who seems to take both "development" 
and its promises very seriously indeed” (Ferguson, 2006:182). In accordance with this 
perspective, I believe that the Nicaraguan SHS users sure take developmentalism very 
seriously and associate socioeconomic progress with conventional “modernisation” processes 
of gaining access to technological objects. In other words, modernisation and development 
has not lost its credibility in Venecia as the “local” villagers are still influenced by the global 
world, and express a desire to “catch up” with “modern” households in its conventional 
sense. Therefore, it could be argued that the linear modernisation argument invested in the 
general debate is somehow justified, in that people see technological advancement as means 
to development. 
 However, the ‘yearning for modernity’, as Winther puts it, was not applicable for all 
of my informants. Medardo has for 12 years lived an electrified, “modern” life in Costa Rica 
before he chose to move back to Venecia because of its tranquillity (fieldnotes: 15.11.13). 
Similarly, Isabel and Santana, who live extremely remotely, on the very top of a mountain 
(half an hour on horse from water, electricity and neighbours) told me that their 11 children 
all wanted them to move to Chinandega, because they did not want their parents to live in 
“bad conditions”. However, Isabel and Santana have chosen to live remotely without 
electricity, because they “(…) feel more happy here than in Chinandega. Here I can go here 
and there and in Chinandega I am in the house only. Here the air is fresher. Here is more 
open.45” (Ibid: 18.12.13). This demonstrates that being able to walk everywhere and feel 
happy is valued higher than living a “modern” life with electrical appliances in Chinandega. 
 Therefore, on the one hand side, some people want to be “modern” it its conventional 
sense and see a potential in the SHS as an enabler of this. On the other hand side, other 
people prioritise quality of life over access to electricity, which should be taken into 
consideration, in the developmental efforts of promoting renewable energy in “traditional” 
societies. Finally although having clarified that most people in Venecia associate modern, 
technological objects with progress, this still does not mean that the attainment of these 
would necessarily lead to the type of socioeconomic development invested in the renewable 
energy debate. Neither does this finding indicate that the cultural framework of modernity 
necessarily will completely substitute everything that is “traditional”. It simply suggests that 
                                                
45 “Yo me siento mas alegre aquí que en Chinandega. Aquí puedo ir por ahí por allá, y en 
Chinandega solo estoy en las casa. Es mas fresco aquí el aire. Aquí es mas abierta”.   
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parts of a modernity process are desired amongst my informants, with an imagination that the 
attainment of “modern” electrical gadgets will lead to an improvement of life46.  
 
9.5 A Tool for Hope 
In continuation of the discussion about modernity, Ferguson argues that African’s 
decreasingly belief in “development” since the promise of “modernisation” seems to be 
broken. In contrast to this perspective, I would argue that the majority of my informants 
seemed confident that one day these appliances “waiting” around to get used would be used. 
This could either be achieved by being connected to the grid, expanding the capacity of the 
SHS or changing some of the broken devices of the system: “The idea is to buy another, 
bigger system, if God bless. The panel is not going to break, only the battery. You just have to 
buy another.47” (ibid: 16.11.13) and “I want to buy a bigger panel, so that you can charge the 
battery more48” (ibid: 14.11.13) and “She wants to buy panels so that it can lift more 
energy49” (ibid: 13.11.13).  
 Drawing on Pelkmans theory about materialisation and hope, the empty buildings in 
Batumi were still seen as a sign of progress among large parts of the local population even 
though they had been abandoned. Pelkmans argues that the empty buildings do not constitute, 
as one may suppose, a senseless empty shell waiting to be filled with life. On the other hand, 
the buildings and their emptiness make a lot of sense, as its materiality is far more important 
than its utilitarian use. As long as the buildings were empty, they belonged to the future and 
therefore remained potentially accessible to everyone. In other words, the empty buildings 
did not only manage “to keep the future bright and accessible to everyone, but also, it tied 
this future closely to the present” (Pelkmans, 2003:130).  
 Inspired by Pelkmans’ perspective on the empty buildings as a sign of hope, I believe 
that the objects of desire and the broken SHSs not only are hoped to get used again, but also 
give hope to people in rural Nicaragua. The non-used SHSs and technical appliances make 
sense to people as they belong to the future, and have a potential to one day get used or 
“filled out”. As a result, people talk positively about the SHSs and describe them as if they 
                                                
46 A counterargument to this finding by Escobar might be that the developmental discourse is so 
hegemonic that rural Nicaraguans have completely internalised the idea of modernisation. 
47 “La idea es comprar otro mas grande, si Dios Bendiga. El panel no va a ruinar, solo la batería. 
Solo hay que comprar otra” 
48 “Quiero comprar un panel mas grande, para que se puede cargar la batería mas” 
49 “Ella quiere mas paneles para que se puede levantar mas energía”.   
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were functioning. They surround themselves with and talk about the objects of desire, and 
describe the SHS as having the potential to provide electricity for these objects of desire. As 
such, in accordance with Pelkmans it could be argued that the SHS, in this case, is far more 
important than its utilitarian use, i.e. to provide electricity. Rather, the bear presence of the 
SHS and the “emptiness” of the electrical appliances tie the people of Venecia to a future that 
they hope one day to be a part of.  
 
9.6 A Tool for Psychological Empowerment 
In continuation of the argument that SHSs represent a sign of progress and give people hope, 
the SHS might also function as a tool for ‘Psychological Empowerment’ (PE), which is 
concept not presented in the Theoretical Framework. According to Marc A. Zimmerman, 
Psychological Empowerment Theory is “ (…) beliefs that goals can be achieved, awareness 
about resources and factors that hinder or enhance one's efforts to achieve those goals, and 
efforts to fulfil the goals” (Zimmerman, 1995:582). Zimmerman expands the general concept 
of psychological empowerment and suggests that psychological empowerment is not simply 
self-perception competence. Instead, he argues that the three components; the ‘Intrapersonal’, 
‘Interactional’, and ‘Behavioural’ component merge to form a picture of a person who 
believes that he or she has the capability to influence a given context.  
 To start out, the ‘Intrapersonal’ component refers to how people think about 
themselves. This includes increased self-efficacy, locus of control, and motivation to control. 
The self-perception that people have is a basic element, which provides people with the 
initiative to engage in behaviours to influence desired outcomes. This is related to the second 
component; the ‘Interactional’ component, which suggests that people are aware of 
behavioural options or choices to act as they believe appropriate to achieve their goals, i.e. 
the ability to mobilise resources.  Finally, the ‘Behavioural’ component refers to the actions 
taken, to directly influence the desired outcomes (ibid). In Zimmerman’s words: “All three 
components must be measured, to fully capture PE” (Zimmerman, 1995:590). 
 Drawing on this framework, I believe that PE can be identified as an outcome related 
to the introduction of the SHS. Firstly, my informants express perceived control because with 
the SHS (in theory) one has the opportunity to “control” his/her own energy situation. As 
expressed by many of my informants they take action to invest in the SHS as: “I didn’t want 
  
 78 
to wait [for electricity] anymore50” (fieldnotes: 13.11.13). As stated by Santana from Mata de 
Cacao: “Here we have a hen, we plant some beans… Corn. We don’t have any rights. The 
Government can do with us what they want, because we don’t have money.51” (Ibid: 
18.12.13). Now, with the SHS, instead of their energy situation being controlled by other 
actants, i.e. Unión Fenosa, the Government and God, the option of the SHS gives the families 
in rural areas a perceived increased agency. In theory, it is now their decision if and when 
they want electricity.  
 The ‘Interactional’ component is seen in that rural dwellers are aware of the 
behavioural options available to reach their goal:  
 
“The electricity [the grid connection] doesn’t come to dark places. Fenosa said 
that they will not bring electric energy [the grid connection] because the houses 
are too secluded. But they say that with solar energy [we can get electricity].52” 
(Ibid: 11.11.13)   
 
As this statement illustrates, there is an awareness of the socioeconomic situation, i.e. that 
Venecia will not be connected to the grid, as the houses are too secluded. Instead, they know 
that solar energy is an option. As seen above, they also know what actions to take in order to 
either repair their existing system, e.g. to change the battery, or they have the knowledge that 
buying a bigger SHS will provide them with more electricity. Although they might not have 
the economic resources at the time being, the option is still available. A common assumption 
in Venecia is that if one does not have a SHS, it is because one either chose to live without it 
or because “One didn’t make the effort to save [the money for it]53” (ibid: 15.11.13). This 
awareness leads to the ‘Behavioural’ component, which is the actual purchasing of the SHS, 
i.e. the action taken to directly affect the desired outcome. 
 As seen in analysis 2 the SHS might be seen as an inferior technology. However, this 
is subordinate as the SHS leads to psychological empowerment, which shifts the situation 
from feeling “powerless”, to experiencing increased agency and having hopes for a powered 
future. As such, drawing on Zimmerman’s framework I argue that even though the SHS 
                                                
50 “Ya no quise esperar mas”. 
51 “Aquí tenemos una gallina, sembramos unos frijoles… Maíz. No tenemos ningunos derechos. El 
gobierno puede hacer lo que quiere, porque no tenemos dinero”.  
52 “La electricidad no viene por lugares obscuro. Fenosa dijeron que no va traer la energía eléctrica, 
como las casas están muy retirados. Pero se dice que con energía solar”. 
53 “Es que uno no hizo el esfuerzo a ahorrar” 
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might exert agency over the SHS user by restricting their energy use, the SHS also gives 
people a perceived agency to control their energy situation. However, the empowering 
process should not be confused with the empowering outcome since these are moderate (as 
stated in analysis 1 and 2) and also somehow limit peoples’ agency. Rather, with the 
introduction of the SHS, people learn to see a closer correspondence between their goals, 
have a sense of how to achieve them, and gain greater perceived access to, and control over, 
resources that affect their lives.  
 Drawing on de Laet and Mol it is argued that the Zimbabwe Bush Pump is successful 
due the many flexible evaluative standards (e.g. it provides water, it gathers the community) 
as it is the identity of the users that determines whether a pump works or not. Based on this 
theory, it might be argued that if the SHS was to be evaluated according to emotional rather 
than functional standards, it is very successful in that it e.g. provides hope and psychological 
empowerment to SHS users.  
 
9.7 Summary 
In Chapter 9 we saw that the solar energy interconnects with the social lives in rural 
Nicaragua on various levels, which demonstrates the intrinsic social nature of electricity and 
technology. With the introduction of electricity, a new social space focused around the TV 
has been recognised, which provides new arenas for the production, circulation, and 
negotiation of meaning.  
 To start out, we saw that the TV is associated with entertainment, cheerfulness, 
passing time, not be bored and having your thoughts in other things. Also, in accordance with 
Jacobson and Love & Garwood the social practice of watching TV is related to both 
proximate and distant connectedness. At the same time intra-family disconnections are also 
identified. In addition emotional benefits of the introduction of solar energy involves hopes 
for a “modern” future and psychological empowerment. I argue that rather than having direct, 
socioeconomic benefits such as boosting income-generating activities and educational 
activities as proposed in the general debate, the benefits of the SHS might be emotionally 
conditioned giving the SHS owners hope, by tying them closer to a future that includes 
certain electrical “modern” objects of desire. As such, it can be argued that in studying the 
interaction between the human and non-human actants, the agency is constantly negotiated 
between the two actants. Instead of just restricting people’s agency, agency is also shifted to 
the user in that they gain a perceived control over their energy situation. Based on these 
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findings, the linear rationale of development through modernisation is up for discussion. 
Firstly, The modernity argument cannot directly be falsified, as people do see “modern” 
objects” as a sign of a progress they would like to be a part of, neither verified as 1. some 
villagers prioritise other values in life over “modernity”, 2. we still don’t know if access to 
desired electrical appliances would lead to poverty alleviation, and 3. we do not know if the 
“traditional” cultural framework would be substituted with that of “modernity”.  
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CONCLUSION 
Chapter 10 - Conclusion 
In the renewable energy debate increased income generation, women empowerment, 
increased education, improved health, and mitigation of environmental impacts are outcomes 
linked to the introduction of sustainable, green energies in remote developing societies. 
Especially off-grid, decentralised technologies in general are promoted as “reliable” and 
“simple” solutions to fighting energy poverty in a sustainable way. However, conducting an 
in-depth study of one of many renewable technologies i.e. the SHS in a specific context, i.e. 
rural Nicaragua, the outcomes related to this renewable technology, hardly correspond with 
the presumed, socioeconomic benefits invested in the renewable energy debate. Rather, most 
SHSs studied in this thesis provide families with limited electricity, which, instead of being 
used for income-generating or education-related activities, are used mainly to illuminate 
social spaces, and to power connective appliances in combination with other “traditional” 
energy sources. 
 
Based on a Science, Technology and Society studies approach the factors that influence these 
outcomes are identified in three sociotechnical processes between SHS and SHS user. To 
start out, the discrepancy between the ‘projected’ and the ‘real’ user seems decisive in 
determining the SHS outcomes. The consumer learning through written manuals is hardly 
matched with the ‘real’ user, who cannot read and learns through experience and the 
exchange thereof. Also, in ‘real’ Nicaragua, although purchasing options are flexible, access 
to technical assistance is still expensive and difficult. This is unfortunate, as the technology 
lacks “fluidity” in that it commands only specific ways of installation and maintenance. Also 
the individualistic character of the SHS poorly matches the collectivistic SHS user. This can 
potentially lead to technological “misuse” and lack of commitment for installation and 
maintenance. These findings challenge the linear approach to technological implementation 
invested the renewable energy debate, and suggest that a constant negotiation between the 
projected and the real user is necessary to reach technological stabilisation. 
 
Additional factors influencing the outcomes of the SHS are found in the dynamic between the 
SHS users’ consumption patterns and their perceptions. SHS users economise the solar 
energy and “categorise” it as a source of energy primarily used for illumination. Therefore, 
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the solar energy is ‘stacked’ by combining it with the existing energy mix: kerosene, candle 
lights, gas, car batteries, firewood, and generators. This challenges the linear ‘energy 
transition hypotheses’ as people do not behave in a presupposed manner, i.e. “traditional” 
sources of energy are not directly substituted with “modern” energy technologies. As a result, 
the environmental and health-related benefits of switching to “clean” energies, suggested in 
the renewable energy debate, are questionable. The energy consumption behaviour both 
influences, and is influenced by the common perception of the SHS as an inferior technology, 
which is used as a temporary, backup solution while waiting for the grid-connection. In other 
words, the consumers demonstrate flexibility in their energy consumption behaviour when 
faced with the inflexible SHS. It could be argued that ‘Western’ societies might benefit from 
adopting a similar flexibility in their energy consumption patterns, in an effort to reducing 
global dependency on fossil fuels.   
 
Lastly, identified both as outcomes and influencing factors, increased use of connective 
appliances such as TV, radio, and cell phone charging, are related to values of feeling 
entertained, not be sad or bored, and being connected to the outside world. However, an 
outcome of this is also intra-household segregation, as TV watching is a social space created 
for men and children - not for women. This social activity challenges the argument that with 
more illuminated time on their hands, the night times are used for income generating 
activates and education. In addition, although outcomes identified in this thesis may not be of 
socioeconomic, functional character; emotional benefits of hope for a “modern” future with 
electrical ‘objects of desire’ are identified. This brings a point of discussion of the linear 
rationale of development through modernisation. Although not all, most people do hope for 
progress through “modernisation”. However, this still does not give us an indication of the 
level of development when gaining access to “modern” appliances, neither does it imply that 
complete modernisation will take place. Finally, instead of regarding the low-capacity SHS 
as restricting people’s agency, it could be argued that agency is also granted to the users. This 
is expressed in the outcome of perceived control (psychosocial empowerment), as villagers 
now, in theory, can change their energy situation, independently of national actors.  
 
Based on the outcomes and factors identified in this thesis, one could critically argue that 
these are simply a consequence of low quality and low capacity of the SHS. What would the 
outcomes be, if the technology had been functioning perfectly and had been of higher 
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capacity? According to Arne Jacobson, existing solar studies from Kenya do indicate that in 
the households with larger system, children are more likely to have access to electric light for 
studying, than children in households with smaller systems (Jacobson, 2007). This supports 
the conclusion that households need to have larger systems, before extensive studying 
benefits can accrue. However, solving the problem with bigger SHSs will not eliminate the 
importance of intra-household dynamics, as the energy must still be allocated among 
competing uses. Taking an STS approach, I believe that developmental outcomes are 
influenced by the interaction between both human and non-human actors, and not purely 
determined by technical factors. In other words, no matter how “strong” a given technology 
is, outcomes still depend on the past, present, and future context in which it is situated. E.g. 
improvements of quality and capacity still does not change the fact that rural dwellers do not 
have easy access to spare parts, technical assistance, sufficient economic funds, and do not 
turn to written manuals for assistance. As a result, I suggest that bigger and better SHSs 
might have the potential to support key developmental benefits, but that the outcomes are far 
from guaranteed. 
 
To round off, this thesis’ study of an emerging technology in a specific society nuances the 
generalised perspective on renewable energy and development. It demonstrates that although 
equipped with sustainable off-grid technologies, it is misleading to portray off-grid SHS 
communities as having access to reliable electricity, and as having the potential to lift 
themselves out of poverty. It highlights the importance of recognising the close 
interconnections between renewable energy and social life, and illustrates that in order to 
encourage socioeconomic outcomes, we need to understand the sociotechnical complexities 
related to the interaction between human and non-human actors.  
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